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THE CHARACTERISATION AND DETERMINATION OF NITROGENOUS ORGANIC 
BASES IN MIXTURES WITH AMMONIUM REINECKATE 


The reaction between nitrogenous organic bases and ammonium reineckate was studied and was 
ound to depend on the basicity of the bases and the px of the reaction media. An expression 
given which relates the dissociation constant pK» of a base and the pu of the reaction; when the 
Ky of a base is known the pH required for the complex formation can be calculated. The con- 
ions for the formation of reineckates of very weak bases together with the formation of mono- 
d di-reineckates of dibasic substances are given. The separation of bases whose pK values are 
fficiently far apart and the determination of mixtures of mono- and dibasic substances were 
effected by pH adjustment of the reaction media. The isolation of strychnine from putrified human 
ivers is also described. 


L. Kum-Tatt, Anal. Chim. Acta, 24 (1961) 397-409 


OPTIMUM “‘COOLING TIME” TO MINIMIZE INTERFERING ACTIVITY IN 
NON-DESTRUCTIVE ACTIVATION ANALYSIS 

In order to choose the best ‘‘cooling time’’ to minimize interfering y-rays in activation analysis, 

he ‘‘cooling time’’ has been examined theoretically. There is an optimum cooling time which 


7 


depends on the time of irradiation and on the half-life of nuclide formed to be determined. 


M. Oxapba, Anal. Chim. Acta, 24 (1961) 410-412 


THE COMPOSITION OF RHODAMINE B CHLOROGALLATE 
The formula of rhodamine B chlorogallate has been shown to be (RH)GaCla where R=rhodamine B. 


F. CuLkin anp J. P. Ritey, Anal. Chim. Acta, 24 (1961) 413-414 


VOLUMETRIC DETERMINATION OF PERSULPHATE IN SULPHURIC 
SOLUTIONS BY PERMANGANATE 

he determination of persulphate in aca. 12.5 N sulphuric acid solution by direct titration with 

rmanganate is described. The results are satisfactory but the conditions are critical. 


Y. K. Gupta, Anal. Chim. Acta, 24 (1961) 415-418 


IODIMETRIC DETERMINATION OF CARBON DISULPHIDE 

STUDY OF THE EFFECT OF pH 
e effects of pH and time on the error (due to decomposition of xanthate) involved in the iodi- 
ic determination of carbon disulphide have been studied. A pH range of 5.4 to 5.8 (acetate- 
red) is recommended. Carbon disulphide varying in amount from 0.0060 to 0.3240 g can be 
termined with an error of +1.0%. 


M. Eusur anp M. H. Kuunpxar, Anal. Chim. Acta, 24 (1961) 419-423 


COMPLEXOMETRIC DETERMINATION OF CHLORIDES, CHLORATES AND 
PERCHLORATES IN PRESENCE OF EACH OTHER 


(in French) 


A method is described for the analysis of a mixture of chlorides, chlorates and perchlorates by 
complexometric titration. It is based on the partial reduction of chlorates and the reduction of 
chlorates plus perchlorates respectively; the chloride formed can then be determined. 


A. DE Sousa, Anal. Chim. Acta, 24 (1961) 424-426 


THERMOGRAVIMETRIC CHARACTERISTICS OF BARBITURIC ACID AND SOME OF 
ITS. DERIVATIVES 


The thermolysis curves of barbituric acid and some of its derivatives have been determined. 
arbituric acid, violuric acid and dilituric acid form hydrates while 1,3-dimethylvioluric acid 
ind barbital are anhydrous. Barbital and 1,3-dimethylvioluric acid sublime before decomposition. 
The differential thermal analysis for dilituric acid showed a sharp exotherm at 190° indicating 
a violent explosion. 


A. BEerRitn, M. E. TayLor AnD R. J. Ropinson, Anal. Chim. Acta, 24 (1961) 427-431 


THERMOGRAVIMETRIC AND MAGNETIC CHARACTERISTICS OF SOME INORGANIC 
SALTS OF DILITURIC ACID 


Phe thermolysis curves of the transition metal diliturates as well as those of copper, zinc, cadmium, 
mmonium and rubidium have been determined. These diliturates with the exception of ammo- 
uum and rubidium diliturates form hydrates. The oxides of the corresponding metals are obtained 
at relatively low temperatures. Magnetic susceptibility measurements show that these compounds 
re ‘‘essentially ionic’ salts. 


A. BERLIN AND R. J. Ropinson, Anal. Chim, Acta, 24 (1961) 432-437 


OBSERVATIONS ON THE USE OF AN ANION EXCHANGE RESIN IN 
THE DETERMINATION OF AMINOBENZOIC ACIDS, AMINOPHENOLS 
AND SOME RELATED SUBSTANCES IN BIOLOGICAL MATERIALS 


in anion exchange resin (Dowex 1X10) has been studied for the purpose of separating amino- 
enzoic acids, aminophenols, sulphanilamide and nicotinic acid, preparatory to their determination 
y colorimetric methods. 


S. L. Tompsett, Anal. Chim. Acta, 24 (1961) 438-443 


CHROMATOGRAPHIC SEPARATION OF IONS IN PRESENCE OF OXALATE, 
TARTRATE AND CITRATE, WITH AQUEOUS ETHANOL AS SOLVENT. I 


le paper chromatographic separation of Ag, Hg, Pb, Bi, Cu, Cd, Co, As(IIT), Sb(III) and Sn(IT) 
mixtures of 3, 4 or 5 of these ions has been studied in the absence and presence of oxalate, 
trate and tartrate with aqueous ethanol as solvent. 

E. J. Srncu anv A. K, Dey, Anal, Chim. Acta, 24 (1961) 444-445 
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QUANTITATIVE CHROMATOGRAPHIC ANALYSIS USING RECTIFIED 
RADIO-FREQUENCY METHODS. I. LITHIUM, SODIUM AND POTASSIUM 


The Brake Zone Detector has been shown to be a very useful apparatus for the location of ion 
zones separated by paper chromatography. In the case of the alkali metals, these zones can be 
estimated by measuring the impedance of their aqueous extract. An alternative method, that of 
measuring the area under the detector curve, does not provide a practical means of quantitative 
measurement. A new developing solvent is described for the paper chromatographic separa- 
tion of lithium, sodium and potassium chlorides. 


J. A. BRooMHEAD AND N. A. Gipson, Anal. Chim. Acta, 24 (1961) 446-450 


DETERMINATION OF LEAD IN GASOLINE BY 
ATOMIC ABSORPTION SPECTROSCOPY 


A procedure has been developed for the direct determination of lead in gasoline by atomic ab- 
sorption spectroscopy. This procedure is rapid, does not require expensive equipment, is 
remarkably free from interference by other trace elements present, and allows considerable 
variation in the sulfur and nitrogen content of the gasoline. It compares favorably with other 
existing procedures for this determination, such as X-ray fluorescence, wet chemical methods, and 
flame photometry. 

J. W. Roprnson, Anal. Chim. Acta, 24 (1961) 451-455 


THE DETERMINATION OF INDIUM AND THALLIUM IN SILICATE ROCKS BY A 
COMBINED SOLVENT EXTRACTION AND SPECTROCHEMICAL TECHNIQUE 


A technique has been developed for the determination of In and Tl at very low concentrations 
in silicate rocks. The iodo-complexes of these elements are extracted from the rock silicate into 
ethyl ether and the ethereal residues are analysed spectrochemically. The optimum working con- 
ditions were established by a study of the variation of percentage extraction as a function of 
hydrogen iodide normality ; the reproducibility of the spectrochemical procedure was investigated. 
In and Tl were determined in eight silicate rocks including standard granite G-1 and standard 
diabase W-1. Good agreement was obtained with results of other workers for these two rocks and 
with the author’s previous results. The evidence for a In/Mn coherence in silicate rocks is suffi- 
ciently strong to warrant further investigations. 


| R. R. Brooks, Anal. Chim. Acta, 24 (1961) 456-462 


CONTRIBUTIONS TO THE STUDY OF ORGANIC OSMIUM REAGENTS 


fhe reaction of osmium is examined with two thiourea derivatives and four heterocyclic nitrogen 
sompounds containing the SH-group attached to the ring, and five new colorimetric methods 
for the determination of osmium in the range 1.04—41.44 ug Os/ml are proposed. 


Gu. BaruLescu, C. LazAR AND C. CristEscu, Anal. Chim. Acta, 24 (1961) 463-466 


THIONIN DERIVATIVES IN THE EXTRACTION AND DIRECT PHOTOMETRIC 
DETERMINATION OF BORON 


Thionin and nine commercially available thionin derivatives were studied for their applica- 
ity in the analytical solvent extraction and direct photometric determination of boron. Azure 
Azure B, Azure C, Methylene Blue, New Methylene Blue N, Methylene Green, Toluidine Blue 
, Thionin and the eosinates of Azure A and B were investigated. Over thirty organic solvents, 
mostly chlorinated or brominated were tried with these dyes. 1,2-Dichloroethane, 1,2-dichloro- 
fopane, dichloromethane, 1,1,2-triochloroethane, cis-dichloroethylene, o-dichlorobenzene, I,4- 
chlorobutane and mixtures of these solvents proved applicable. Many good dye-solvent 
mbinations were found which were very attractive for the separation and determination of 
ious amounts of boron. Only thionin itself proved unsatisfactory. 


L. PAsztor AND J. D. Bove, Anal. Chim. Acta, 24 (1961) 467-473 
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j DETERMINATION OF SULPHANILAMIDES WITH ALKYL NITRITES 
; BY A POTENTIOMETRIC METHOD 


_A potentiometric titration with alkyl nitrite solutions is described for the determination of various 
Eeipha drugs. 


N. K. Matuur, S. P. Rao anv O. P. Kacnnawana, Anal. Chim. Acta, 24 (1961) 474-475 


OSCILLOPOLAROGRAPHIC DETECTION AND DETERMINATION OF IODATE 
a4 AND PERIODATE 


(in German) 


The oscillopolarographic behaviour of periodate and iodate has been investigated i in acid, neutral 
and alkaline electrolytes. The detection and determination of periodate in iodate may be carried 
ut using iodate as electrolyte and the detection and determination of iodate in periodate may be 


tried out using 5 M sodium hydroxide as electrolyte. 


A. BERKA AND J. DoLeEZaL, Anal. Chim. Acta, 24 (1961) 476-480 


THE USE OF MICROCHEMICAL METHODS IN RADIOCHEMICAL ANALYSIS 


Techniques used at A.W.R.E. during the past 6 years for the radiochemical analysis of mixtures 
of active nuclides using 0.5- to 1-mg quantities of carrier are described and their advantages dis- 
ssed. Micro-methods are listed for chemical yield determinations by spectrophotometry and 
icro-titration, and details are given for the micro-titration of a number of elements with EDTA 
ng a spectrophotometric end-point. A special fitment is described to enable the Unicam SP 600 
ectrophotometer to be used for micro-titrations. Some values are given for the coefficients 
of variation obtained in typical chemical yield methods and in overall radiochemical deter minations 
pf "9Mo, 141Ag, 115Cd and 14Ba. 


R. G. Monk anpD J. HERRINGTON, Anal. Chim. Acta, 24 (1961) 481-492 


DETERMINATION OF TUNGSTEN IN PRESENCE OF VANADIUM 
(Short Communication; in French) 


A. CLAEYS, Anal. Chim. Acta, 24 (1961) 493 


SPOT TEST FOR BENZYLAMINE AND p-NITROBENZALDEHYDE 
(Short Communication ) 


F. Fe1cL AND V. ANGER, Anal. Chim. Acta, 24 (1961) 494-495 


OBSERVATIONS ON THE THERMAL DECOMPOSITION OF CUPRIC ACETATE 
f MONOHYDRATE 


(Short Communication) 


J. A. Hizt, C. B. Murpuy anv G. P. ScHacuER, Anal. Chim. Acta, 24 (1961) 496-497 


SEPARATION OF NIOBIUM AND TANTALUM BY 
N-BENZOYL-N-PHEN YLHYDROXYLAMINE 


(Short Communication) 


A. K. Mayumpar AND B. K. Pat, Anal. Chim. Acta, 24 (1961) 497-498 


VOLTAMMETRIC DETERMINATION OF ANTIOXIDANTS AT 
THE WAX-IMPREGNATED GRAPHITE ELECTRODE 


(Short Communication) 
E. BARENDRECHT, Anal. Chim. Acta, 24 (1961) 498-499 
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THE CHARACTERISATION AND DETERMINATION OF 
NITROGENOUS ORGANIC BASES IN MIXTURES ° 
WITH AMMONIUM REINECKATE 


LEE KUM-TATT 
Government Department of Chemistry, Outram Road, Singapore (Malaya) 
(Received October 11th, 1960) 


Ammonium reineckate has been used for the isolation, characterisation and determi- 
nation of nitrogenous organic bases. It has been applied to the following classes of 
substances: simple amines!~3, amino acids4-11, alkaloids!2-25, antibiotics from 
_Siveptomyces fradiae?*—2, muscarine and related derivatives??.34, proteins?5, quater- 
‘nary ammonium compounds?6-%8, synthetic bases such as narcotics23:39.40, anti- 
nistamines!?.23, sulphonamides23, anaesthetics4!, and many other organic bases42~48, 
‘It has also been used for the spectrophotometric determination of the molecular 
weights of these compounds23:49, 
In spite of the extensive usage of this reagent, it has not yet been utilised system- 
atically to characterise and determine organic bases in mixtures. STRACK AND 
SCHWANEBURG” reported the separation of choline from betaine obtained from animal 
tissues using this reagent in 1936. The potentialities of ammonium reineckate as a 
Teagent for the separation of organic bases has not been further investigated and it 
is the object of the present investigation to evaluate the usefulness of ammonium 
‘Teineckate for this purpose. This must necessarily involve the study of the reaction 
mechanism between ammonium reineckate and organic bases, a study which should 
be of considerable value because of the importance of the reaction to the analyst as 
well as the toxicologist. A preliminary report on this investigation has already been 
-published®!. 


EXPERIMENTAL 


Formation of reineckates in alkaline media 

About 50 mg of a base was added to 50 ml of water and a few drops of ammonia 
= 0.88) followed by 30 ml of ammonium reineckate. The precipitate obtained was 
ered, dried and recrystallised from 60° ethanol. Piperidine, dimethylamine, tri- 
thylamine, diethylamine and choline gave the expected reineckates when reacted 
der these conditions. However with pyridine, aniline and caffeine, no reineckates 
vere obtained. 


‘ects of variation of pH on yields of reineckates of water-soluble bases 
Buffered solutions of pH 1 to 12 were prepared according to CLARK AND LuB??,°8. 
Ammonium reineckate solution — approximately 3% solution prepared by dis- 
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solving 3 g of ammonium reineckate in 100 ml of cold water and filtering thro 
a Whatman No. 1 filter paper and then through a Whatman No. 42 paper. Fre: 
prepared solutions were used in all these experiments. The bases used were piperid 
pyridine, morpholine, caffeine and nicotine. 

Procedure. About 25 mg of the base was added to 30 ml of the buffer solution 
the appropriate pH followed by 15 ml of ammonium reineckate solution. The resul 
solution was cooled in a refrigerator for 2 h and filtered through a sintered g 
crucible with suction. The precipitate was washed with 5 ml of the appropr 
buffered solution and then dissolved in acetone. The acetone solution was transfe1 
to a 25-ml volumetric flask, made up to volume and the optical density of the solut 
was measured at 525 my with a Hilger spectrophotometer. The amount of 
recovered was calculated by means of the following equation: 


w = A/e-M-25/1000 


where w = weight of base recovered in mg, A = observed optical density, « = gr: 
molecular extinction coefficient of ammonium reineckate, (é525 my = 106.5), | 
M = molecular weight of the base used in g. The derivation of this formula 
already been discussed?%. 

For nicotine the precipitate obtained was filtered, dried over phosphorus pento3 
and weighed. Table I shows the recoveries and compositions of the nicotine reinecks 


TABLE I 


RECOVERY OF NICOTINE AS REINECKATE AT VARIOUS PH 


No. Nicotine pH Reineckate obtained Cr content 
mg mg of reineckate 
I 50 2 246.2 12.92 
2 50 2 247.2 12.89 
3 50 3 245.8 12.91 
4 50 3 246.0 12.86 
5 50 4 234.2 12.46 
6 50 4 232.5 12.41 
7 50 5 177.0 11.24 
8 50 5 178.5 11.36 
9 50 6 177.0 I1.31 
10 50 6 177.0 11.25 
II 50 ii 178.3 11.07 
12 50 7 178.6 TIsLs 
13 50 8 150.1 10.97 
14 50 8 149.5 10.85 
15 50 9 148.5 10.86 
16 50 9 148.6 10.77 
17) 50 II 12763 10.83 
18 50 II 136.2 10.72 
19 50 De 121.5 10.69 


Theoretical yield for 50 mg of nicotine as the mono-reineckate is 148.3 mg, Cr = 10.81%, an 
the di-reineckate is 247.0 mg ,Cr = L207 5, 
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obtained. Fig. 1 shows the recoveries for piperidine, pyridine, morpholine and caffeine 
at various pH. 


100 piperidine 


oO 
[e) 
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L60 
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2 4 6 8 10 12 
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Fig. 1. Recoveries of bases as reineckates at various pH. 


Preparation of barium reineckate 


A saturated solution of Reinecke’s acid (prepared by precipitation from a saturated 
solution of ammonium reineckate with concentrated hydrochloric acid) was added 
to a saturated solution of barium chloride. The barium reineckate obtained was 
recrystallised by dissolution in a minimum quantity of methanol and reprecipitation 
by the addition of excess of ether. The pure barium reineckate was obtained after 
two recrystallisations. 


Calcd. for Ba[Cr(NHs)a(SCN)a]2 she 

% % 
Barium W772 17.68 
Nitrogen 21.78 21.85 


Reaction between barium reineckate and bases in absolute alcoholic solutions 
The A.R. ethanol and isopropanol used in these experiments were twice distilled 
Over sodium. 


TABLE II 
RECOVERIES OF PIPERIDINE AND MORPHOLINE AS THEIR REINECKATES FROM REACTION IN ABSOLUTE 
ALCOHOLS 
Ethanol Iso-propanol 
. Amount used Reineckate Cr Amount used Reineckate Cr 
eaerirre mg obtained % mg obtained % 
mg mg 
Piperidine 48.1 204.0 12.75 44.2 207.3 12.93 
; 43-2 201.3 12.81 43-1 199.2 12.84 
lorpholine 53-1 143.2 12.82 57-2 149.2 12.91 
47.2 140.1 12.71 51.0 155-0 12.84 
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About 200 mg of recrystallised barium reineckate was dissolved in 30 ml of the: 
absolute alcohol and approximately 50 mg of the base was then added. The solution: 
was allowed to stand at room temperature for 3 h, and the precipitate was filtered, 
dried over phosphorus pentoxide and weighed. The results obtained were shown int 
Table II. Aniline (pK» 9.3) and pyridine (pK» 8.6) gave no precipitates under these; 
conditions. 


Formation of reineckates of weak bases 

A. Preparation of reineckates of water-soluble bases. About 2 g of the base was dis-: 
solved in 20 ml of water and 5 ml of concentrated hydrochloric acid was added to! 
this solution followed by 80 ml of 2° ammonium reineckate solution. The precipitate: 
which was obtained was filtered and recrystallised with 0.1 N hydrochloric acid. 
To prepare urea reineckate 8 g of urea was used. The reineckates of urea, thiourea,, 
acetamide and acetone semicarbazone were prepared in this manner. 


B. Preparation of piperine reineckate. About 300 mg of the piperine was dissolved! 
in 15 ml of chloroform in a separating funnel. To this were added 10 ml of 25%, 
hydrochloric acid solution and 80 ml of 2°%% ammonium reineckate solution. The re~ 
sulting mixture was shaken thoroughly and the reineckate salt formed was filtered: 
and recrystallised in a minimum quantity of ethanol which was subsequently diluted! 
with 0.1 N hydrochloric acid. The dried reineckate salt is yellow but gives a red col- 
oured solution in acetone. ‘ 


C. Preparation of diphenylamine reineckate. About 200 mg of diphenylamine was: 
dissolved in approximately 5 ml of concentrated sulphuric acid. Approximately 15 ml, 
of water was added slowly to this solution. After cooling the solution, 80 ml of! 
ammonium reineckate was added. The diphenylamine reineckate obtained was re- 
crystallised as described earlier. 4 


Preparation of di-reineckates of nicotine, quinine and thiamine ‘ 
Procedure 1. Formation in acid media. About 100 mg of the base or its salt wa 


dissolving the precipitate in the minimum quantity of acetone and subsequently 
diluting this acetone solution with N hydrochloric acid. Analyses of the chromium 
contents of the compounds so obtained showed them to be the di-reineckates of these 
bases. 

Procedure 2. Conversion of mono-reineckates to di-reineckates. An acetone solution 
of mono-reineckate was added to a solution of ammonium reineckate acidified witl 
N hydrochloric acid. On chilling the di-reineckates were obtained, 


Preparation of mono-reineckates of nicotine, quinine and thiamine 


Procedure 1. Formation in alkaline media. About 100 mg of nicotine, quinine 
sulphate or thiamine hydrochloride was added to a buffer solution of pH 8.5, followed 
by 50 ml of ammonium reineckate solution which was added with stirring. The mone 


reineckates of these compounds which were obtained after chilling were filtered and 
recrystallised from 50° acetone solution. 
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Procedure 2. Conversion of di-reineckates to mono-reineckates. To an acetone solution 
of the di-reineckate were added two drops of 10°/, ammonia and excess distilled water. 
The precipitate obtained was filtered and recrystallised from 50°, acetone solution. 
Pure mono-reineckates of these three compounds were obtained by these two pro- 
cedures. 


Separation of piperidine and pyridine 

Weighed quantities of piperidine and pyridine were dissolved in 60 ml of buffer 
solution of pH 9. To this solution was added 30 ml of ammonium reineckate solution. 
After cooling for one hour the solution was filtered through a weighed sintered glass 
crucible under suction. The piperidine reineckate was washed with a few ml of buffered 
solution, dried over phosphorus pentoxide and weighed. 

During the filtration of piperidine reineckate an acid trap containing a few ml 
of dilute sulphuric acid was used to trap any pyridine that may have volatilised from 
the filtrate during suction. This sulphuric acid was added to the filtrate which was 
further acidified with 50% sulphuric acid. 

Pyridine was precipitated as the reineckate, filtered and weighed as described 
above. The recoveries of the bases are shown in Table III. 


TABLE Li 


RECOVERIES OF BASES FROM MIXTURES 


No. NVineeares ceri added coilins Ss errs 
I Piperidine— Pyridine 83 147.3 82.6 145.0 
2 Piperidine—Pyridine 150.8 38.7 UHL 2ees 9723 
3 Piperidine—Pyridine 237A Ey 25:0) 16.3 
4 Codeine—Caffeine 52.4 250.3 Lp ay mer yf 
5 Codeine—Caffeine 2d 84.3 20, Tea 30:6 
6 Codeine—Caffeine 15-7 482.4 (oem ee ey lata 
7 Codeine—Caffeine AQP NOS CO vem Or 


eparation of codeine and caffeine 

Weighed amounts of codeine phosphate and caffeine were dissolved in 40 ml of 
uffer solution of pH 3.5 with warming. After cooling, 15 ml of ammonium reineckate 
olution was added, and the solution was cooled to o° for one hour and filtered. The 
odeine reineckate was dissolved in acetone and determined colorimetrically by 
easuring the optical density of the solution at 525 my. The filtrate containing the 
affeine was made alkaline with sodium hydroxide solution and extracted with 
hloroform. Evaporation of the chloroform yielded the caffeine which was dried and 


eighed. 


etermination of mixtures of mono- and di-basic compounds 

1. Determination of nicotine and pyridine in mixtures. To a 100-ml beaker were added 
0 ml of a solution containing nicotine and pyridine, 30 ml of buffer solution of pH 
5, and 15 ml of ammonium reineckate solution. After chilling for 2 h the solution 
as filtered through a sintered glass crucible under suction. The precipitated nicotine 
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mono-reineckate was washed with 3 to 5 ml of the buffer solution and dissolved int 
acetone and 2 ml of 0.1 N hydrochloric acid, and the solution was transferred to a: 
Vo ml volumetric flask and diluted to mark. The absorption (Ao) of this solution: 
was measured at 525 mu. The amount of nicotine recovered was calculated from thes 


following formula: 


wo = Ao/106.5°Mo- Vo/1000 (2); 


where wo = weight of nicotine recovered in mg, 106.5 = gram-molecular extinction: 
coefficient of ammonium reineckate in acetone at 525 mu and J/> = molecular weight’ 
of nicotine in g. 

To ascertain the pyridine content of the mixture another ro ml of the solution was; 
added to 20 ml of N hydrochloric acid solution followed by 25 ml of ammonium| 
reineckate solution. The precipitated nicotine di-reineckate and pyridine reineckate; 
were filtered through a sintered glass crucible, dissolved in acetone, transferred toi 
a volumetric flask of V ml and diluted to mark. The optical density of this solution: 
(A) at 525 my was measured and the pyridine content calculated from the following: 
equation : 1 


w = (AV/Vo — 2 Ao)/106.5-M- V/1000 (3), 


where w = amount of pyridine recovered in mg, 14 = molecular weight of pyridine: 
in g. The recoveries are shown in Table IV. 


TABLE IV 
DETERMINATION OF MIXTURES OF MONO- AND DIBASIC COMPOUNDS 


Optical densities 


No. Maxtures Amounts added Amounts recovered 
ses Ao A sg y 
. . . . e 
I Nicotine—Pyridine Io 10 0.250 1.063 9.52 10.4 a 
2 Nicotine—Pyridine 10 IO 0.252 1.060 9.55 10.33 | 
3 Nicotine—Pyridine IO 10 0.264 1.071 10.02 10.05 — 
Nicotine—Piperidine 10 10 0.776 1.039 10.00 10.0 
Nicotine—Piperidine IO 10 0.768 1.027 9.85 10.01. : 
Nicotine—Piperidine 10 10 0.757  ~+1.030 10.40 9.70 
ji Thiamine HCl—Choline I5 10 0.536 0.738 16.00 9.50 
8 Thiamine HCl—Choline 15 10 0.530 0.722 15.10 9,60 


Volume of acetone used Vo = V = 25 ml in the above experiments 


2. Determination of nicotine and piperidine. The procedures for the determination 


of piperidine and nicotine in mixtures were identical to those described earlier. How 
ever, at pH 8.5 both nicotine mono- 
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Hence the nicotine and piperidine contents can be calculated from the following 
ormulae: 


wo = (AV/Vo — Ap)/106.5* Mg: Vo/1000 (4) 
w = [AV/Vo — 2{(AV/Vo) — Ao}] | 106.5: M+ V/1000 (5) 
where wo = amount of nicotine recovered in mg, Ao = optical density of acetone 


solution of nicotine mono-reineckate and piperidine reineckate at 525 mu, My = 
nolecular weight of nicotine in g, Vo = volume of acetone used to dissolve the nicotine 
mono-reineckate and piperidine reineckate, « = amount of piperidine recovered, A = 
yptical density of acetone solution of nicotine di-reineckate and piperidine reineckate, 
M = molecular weight of piperidine in g, and V = volume of acetone used to dissolve 
the nicotine di-reineckate and piperidine reineckate. 

Mixtures of thiamine hydrochloride, a di-basic compound and choline, a strongly 
asic quaternary compound were also determined by the procedures described above 
und the recoveries are also shown in Table IV. 


Phe isolation of strychnine from highly decomposed cadavers 


_ About 300 g of human liver from an authenticated case of strychnine poisoning 
vas left to stand at room temperature for one week after which it was finely cut, 
reated with 10% tartaric acid and extracted with 75°% ethanol with warming. The 
ulcoholic solution was filtered and the filtrate evaporated. This residue was taken 
ip with 75% alcohol, filtered and again evaporated. The residue was dissolved in 
water acidified with 0.1 N hydrochloric acid, filtered and extracted with ether to 
emove any acidic or neutral materials that might be present. The aqueous layer was 
nade ammoniacal, transferred to a separating funnel and extracted with chloroform. 
[he ammoniacal aqueous layer was kept for later treatment. 

To the combined chloroform extracts were added 20 ml of buffer solution of pH 
‘I and 5 ml of ammonium reineckate solution. Some insoluble reineckates were 
ormed at the interface between the water and the chloroform layers. The chloroform 
ayer was separated and washed with water. Half of the chloroform extracts was 
-vaporated and subjected to the usual colour and crystal tests. The remaining chloro- 
orm was extracted with 0.1 NV hydrochloric acid. This acid solution was made alkaline 
ind extracted with chloroform. The chloroform was evaporated and the residue was 
lissolved in 95% ethanol. The spectral curve of this ethanolic solution is shown in 
fig. 2 and is identical to that of pure strychnine. 

Ammonium reineckate solution was added to the ammoniacal aqueous layer from 
‘bove and more precipitate was obtained. The precipitate was recrystallised from 
\queous acetone mixture; its molecular weight was determined spectrophotometrical- 
y28 and was found to average 78. This indicates that the isolated bases were mostly 
ytomaines and not any of the common alkaloids since the latter have molecular 
veights which are generally greater than 150. 


DISCUSSION OF RESULTS 
reaction mechanism 
The formation of the reineckates has been hitherto carried out in acidic aqueous 
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media and the reaction between amine salts and ammonium reineckate has been 
postulated to proceed according to the following equation!.39: 


B-HX + NH4{Cr(NHs)a(SCN)s] > NH.X + BH-[Cr(NHs)2(SCN)a] (6; 


This equation however is applicable to reactions between amine salts and ammonium 
reineckate only and does not explain some of the reactions between certain free bases 
and ammonium reineckate in aqueous alkaline media. It has been observed that 
certain bases form reineckates in alkaline media while others do not. A closer study; 
of the properties of the bases which react with ammonium reineckate in alkali media 
revealed that they are strongly basic substances such as piperidine (pK 2.8), diethyH 
amine (pK» 2.5), trimethylamine (pKy 3.2) and quaternary ammonium compounds 
such as choline. Dibasic substances formed the di-reineckates in acid media and im 
alkaline media yielded the mono derivatives. Furthermore, Fig. 1 shows that the 
yields of the reineckates depend on the pKy values of the bases as well as on the pm 
of the reaction media. 3 
These observations suggest that the formation of the reineckate proceeds according, 
to the following pattern. When a basic substance (B) is dissolved in water the following 
equilibrium exists: 4 


B+ H= BH+ + OH- 


With the addition of an ammonium reineckate solution the conjugate acid BH* thus 
formed reacts with the [Cr(NHs3)2(SCN)4|~ ions arising from the dissociation of am+ 
monium reineckate, and the relatively insoluble complex is formed: 


BH+ + [Cr(NHs3)2(SCN)4]- — BH[Cr(NHs)2(SCN)a] 


the base B. 


The extent to which the equilibrium as represented by eqn. (7) exists, depends 6 


the strengths of the bases as well as on the pH of the reaction media, and the equilik 
rium constant is given by 


Ky = [OH-]:[BH+]/[B] 
In logarithmic notation eqn. (9) becomes 
log [B]/[BH*] = pK» + pn — 14 (1 


The reaction between ammonium reineckate and quaternary ammonium compount 
as choline is one of substitution thus 


RaN- X + NH4a[Cr(NHs)s(SCN)4] > RN*[Cr(NHs)o(SCN)q] + NHaX (1 
and this reaction is independent of the pH of the reaction media. This is true wil 
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holine which forms a reineckate even in a 5°/, sodium hydroxide solution. The reac- 
ion in strongly alkaline media is not recommended because the ammonium reineckate 
lecomposes rapidly under these conditions. 


reaction between bases and barium reineckate in absolute alcoholic solutions 


Since alcohols possess protogenic properties®4 the base-alcohol equilibrium is 


B-+ ROH= BH + RO- (12) 
‘rom a study of the reineckate formation of piperidine, morpholine, pyridine and 
iniline it was found that equilibrium (12) is dependent on the pK» values of the base 
resent. With strong bases such as piperidine and morpholine the equilibrium proceeds 
most completely to the right. With weak bases such as pyridine and aniline the 
quilibrium lies to the left. 
Since the formation of reineckates under these conditions is dependent on the pK» 
values of the bases this procedure can be used for the separation of bases. Ammonium 
eineckate can be used in place of barium reineckate. 


separation of bases with ammonium reineckate 


Egn. (10) predicts the possibility of using ammonium reineckate for the separation 
yf organic bases by varying the pH of the reaction media to values which will be 
avourable or unfavourable for the formation of a particular reineckate if the pKp 
ralues of the compounds are known. Since the formation of the reineckates depends 
ntirely on the formation of the conjugate acid BH*+ the ideal condition would be 
o have the term log [B]/|BHt] in eqn. (10) equal to a negative value, although a 
alue of +-1 may be permissible depending on the solubility of the particular reineckate 
lerivative formed. A clearer picture of the reaction can be obtained by considering 
he specific cases of piperidine (pp 2.8) and pyridine (pK> 8.6) at pH g. In the case 
f piperidine at pH 9 . 


log [B]/[BH+] = 2.8 + 9 —14 = —2.2 
log [B]/[BH*+] = 3.8 
at is [B] /[BH+] = 6.3/1000 


his shows that more than 99.4% of the piperidine exists as the conjugate acid BHt 
nd hence the possible formation of piperidine reineckate in alkaline media of pH 9. 

Similarly, it can be shown that at pH g about 99.7% of the pyridine exists as the 
ee base B, hence pyridine fails to form a reineckate at this pH. However, at pH 2 
ore than 99.9% of the pyridine exists as the conjugate acid BH* which explains 
1e formation of pyridine reineckate in acid media. 

Satisfactory recoveries were obtained for the determination of mixtures of (a) 
yridine and piperidine and (6) codeine and caffeine as shown in Table III where the 
ases were isolated and determined. With mixtures such as (a) nicotine and pyridine, 
) nicotine and piperidine and (c) thiamine hydrochloride and choline, the bases were 
ot isolated but conditions could be chosen which favoured the formation of the mono- 
r di-reineckates of the dibasic substances, thus making it possible to estimate bases 

such mixtures. The recoveries for such mixtures are shown in Table IV. 
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Eqns. (2) and (3) are of general application for the determination of mixtures 06 
a dibasic compound and a moderately weak monobasic compound, whilst eqns. (4) ana 
(5) can be applied to the determination of mixtures of a dibasic substance and a strong 


monobasic compound. 


Formation of mono- and di-reineckates of dibasic substances 


With a knowledge of the reaction mechanism it is possible to control the conditions 
for the formation of mono- or di-reineckates of dibasic compounds. The dibasic sub: 
stances can be treated as a mixture of two bases with different pK» values and tha 
mono- or di-reineckates of nicotine (pK pi 6.2, pKp2 10.9), quinine (pKp1 6.0, pK nz 9.7} 
and thiamine hydrochloride had been successfully prepared by varying the pu of tha 
reaction media. With dibasic compounds the nature of the reineckates formed depend! 
on the pH of the reaction media. At certain pH values, mixtures of mono- and di: 
reineckates of nicotine were obtained (Table I). It is important therefore to form tha 
derivatives under the proper pH conditions, otherwise the results obtained can be 
very misleading. 

Although the formation of mono- and di-reineckates of nicotine, quinine anc 
thiamine hydrochloride is reversible, that is 1 

acid 
mono-reineckate ===> di-reineckate : 
alkaline 4 


this is not generally true with reineckates of other dibasic compounds. The di-reineck+ 
ates of many antihistamines yielded the mono-reineckates when recrystallised from 


TABLE V 


REINECKATES OF BASES 


Decomp. temp. EE 
Reineckates GHEONS Calc. Found 
% % 
Quinine (mono) 145-149 8.09 8.21 
Quinine (di) 216 10.82 10.90 
Thiamine (mono) 148-149 8.93 8.96 
Thiamine (di) 160-162 11.51 11.51 
Nicotine (mono) 184-185 10.81 10.92 
Nicotine (di) 160-162 12.97 12.81 
Piperidine 198-202 12.90 12.84 
Morpholine 175-177 12.80 12.91 
Pyridine 198-202 13.02 13.16 
Caffeine 377, 10.10 9.93 
Diethylamine 260-262 13.24 13.21 
Dimethylamine 273-274 14.25 14.36 
Triethylamine 200-207 12.35 12.43 
Diphenylamine 146-149 10.65 10.70 
Acetone semicarbazone 136-140 Mis eyplt 11.36 
Acetamide 136-138 13.75 13.52 
Lag tals 138-140 13.16 13.07 
“ie 121-122 13075, 2.35) ) wes 5m 
Iperine 147-149 8.63 6.81 6.55 
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»% ethanol and no di-reineckates could be obtained from their mono-reineckates. 
his was attributed to the instability of these di-reineckates to heat and ethanol?3. 


reparation of reineckates of weak bases 


Very weak bases such as urea (pK» 13.8), piperine (pK»y 8.8) and diphenylamine 
ave been reported not to form any reineckates! but eqn. (10) suggested that rei- 
sckates of these bases should be obtainable if the reaction were carried out at a 
ery low pH. The reineckates of these three substances, together with those of thiourea, 
setamide and acetone semicarbazone, were then prepared by this procedure. The 
iromium contents of the reineckates agreed with the theoretical values with the 
<ceptions of urea and piperine reineckates (Table V). The low chromium contents 
[ these reineckates are being further investigated. 


solation of strychnine from highly decomposed cadavers 


One of the main problems which confronts every toxicologist is the separation of 
oisons from putrified organs. Many of the substances produced during putrefaction 
f cadavers resemble alkaloids in their reactions towards general reagents and certain 
tomaines resemble well-defined alkaloids even with special reagents®>. BRIEGER®® 
as described a method for the isolation of certain ptomaines from human cadavers 
sing an alcoholic mercuric chloride solution as the precipitating reagent, but it is 
bvious that this reagent cannot be used in toxicology for the same purpose, because 
vercuric chloride will also precipitate many of the wanted alkaloids. The isolation 
f strychnine from highly putrified human livers using the proposed procedure gave 
atisfactory results and the high purity of the isolated alkaloid is demonstrated by 
ne spectra shown in Fig. 2. 


0.2 


0.0 


240 Z60. 280 300 

Wavelength in my 

, the pure strychnine, 2 mg/100 ml ----- , from liver. Solvent, 
95% ethanol. 


ig. 2. Spectra of strychnine. 
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SUMMARY 


The reaction between nitrogenous organic bases and ammonium reineckate was studied and wal 
found to depend on the basicity of the bases and the pu of the reaction media. An expressiGgagg 
given which relates the dissociation constant pK» of a base and the pH of the reaction; when tl 

pK» of a base is known the pH required for the complex formation can be calculated. The con 
ditions for the formation of reineckates of very weak bases together with the formation of mona 
and di-reineckates of dibasic substances are given. The separation of bases whose pkp value 
are sufficiently far apart and the determination of mixtures of mono- and dibasic substances wert 
effected by pH adjustment of the reaction media. The isolation of strychnine from putrified huma 


livers is also described. 


RESUME 


L’auteur a effectué une étude sur l’identification et le dosage des bases organiques azotées, e 
utilisant comme réactif le reinéckate d’ammonium. Quelques séparations sont décrites. Un 
méthode est également proposée pour l’extraction de la strychnine de cadavres, dans des cai 


d’empoisonnement. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber die Trennung und Bestimmung organischer Stickstofff 
haltiger Basen mit Reinecke Salz sowie iiber die Isolierung von Strychnin aus der Leber stark 
verwester menschlicher Leichen. é 
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INTRODUCTION 


In quantitative non-destructive analysis for an element by neutron irradiation followe 
by y-ray spectrometry, the error and detection limit depend on interfering y-ray 
to a great extent. As a means of reducing the interference, a choice of a prope 
length of “cooling time’’ can be considered. Therefore, the relation between coolin 
time and the extent of interference has been examined theoretically. In this study 
for convenience, the y-ray of unit energy emitted from a nuclide formed (neutron 
induced nuclide) to be determined’, is likened to a “‘signal’”’, and the interfe in 
y-ray to a “noise’’. Thus, the purpose of the work was to discover how to choose | 
cooling time to make the “‘signal-to-noise ratio’’ large. The signal-to-noise ratio un 
consideration is in the adequately restricted range of y-energy. 

The case when the signal-to-noise ratio is varied by the choice of cooling time 
of course, limited to the case when the half-life of an interfering nuclide is differ 
from that of the nuclide to be determined. 


DERIVATION AND RESULTS 


In any radionuclide formed the ratio of the emission rate of a y-ray to the amo 
of the element which includes the parent of the radionuclide is given by 


A 2 Oack 
a = Naf Vp {I—e-(n2)¢/7} @-(n2)9/T 
where 
AY = emission rate for an unconverted y-ray (sec), 
W = the weight present of the element (g), 
Na = Avogadro’s number, 
(.— flux density of neutrons (cm~? sec~), 
Cac = isotopic cross section for the neutron activation of a naturally-occurring, parent nuc 
1.e., target isotope (cm2), 
i fractional abundance of the parent nuclide, 
Mo chemical atomic weight of the element, 
yp = fractional abundance of an unconverted y-Tay 
¢ = irradiation time (sec), 
Te f= half-life of the nuclide formed (sec), 
@ = time elapsed after irradiation, i.e., the ‘‘cooling time’”’ (sec). 


ees so biew: : 
: The determination of the nuclide formed leads to the determination of the element whi 
in most cases, the final purpose in activation analysis. 
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Eqn. (1) can be obtained by substituting the quantity (In2)/T for Ain the equation 
iven by Boyp! and eliminating the quantities ¢’, A,’ and A .. 1m the resultant equation 
y putting ’ = 0, Ar’ = A}/yp, and A, = Na fWoacK/M). 

For convenience it is assumed that the probability for the appearance of one 
aterfering nuclide is equal to the probability for the appearance of another interfering 
uclide, and that the counting time is set sufficiently short compared with the cooling 
ime. 

Since the species of an interfering nuclide cannot usually be foreseen, the amount 
f (GacK/M)yp in eqn. (I) cannot be forecast for the interfering nuclide. In this 
ituation the only method to be adopted is to adjust the amount of the latter part 
f eqn. (I): 


{iI —e=(in2)¢/7} e-(1n2)9/T (2) 


sy inserting a suitably chosen value for 9 the value of formula (2) may be made smaller 
or any interfering nuclide than for the nuclide to be determined. Such a value of 0, 
vhich is, so to speak, an optimum cooling time, can be expressed in terms of irra- 
liation time, as can be deduced from formula (2), and therefore, it is necessary that 
oth irradiation time, ¢, and cooling time, 0, are chosen properly. In order to compare 
he various combination of ¢ and 6 with each other, the amount of formula (2) has 
een plotted against T on log-log paper and Fig. r has been obtained. From Fig. 1 


{1 =@7(tn2)t/T } g-(in2)6/T 


105 PO Ben One t 10¢ 10°t 
i 


Fig. 1. {r—e7(in2)t/T} e-Gn2)0/7 ys, T. 


is deduced that for a certain half-life there is an optimum cooling time correspond- 
g to an arbitrarily chosen irradiation time, since all the curves in Fig. 1 have points 
one maximum. To obtain the optimum cooling time, formula (2) has been put as y 
d equation dy/dT =o has been solved. The result is 


qimeerets eX Wars (3) 


o= 
e(in2)t/7) —1 


here o is the optimum cooling time, and To is the half-life of a nuclide formed to be 
termined. According to eqn. (3), 90/To has been plotted against t/To ona log-log 
per (Fig. 2). The optimum cooling time corresponding to an irradiation time can 
readily found by the use of Fig. 2. For example, in activation analysis for hafnium 
the formation of hafnium-179 m (19 sec), if the irradiation time is set at 60 sec, 
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t/To becomes 60/19. Hence 6o/To is read in Fig. 2 as 0.40. Accordingly, 60 become: 


19'0.40 = 7.6 sec. , 
Moreover, from Fig. 1 it is seen that, when 6/t is less than 10°, the smaller is 6) 


the smaller is the curvature at the maximum point; accordingly, selectivity for the 


1 
re 
<a | 
Ss 
O01 
001 > 
0.01 OA 1 omen B 
Fig. 2. 80/To vs. t/To 4 


signal becomes smaller when the half-life corresponding to the maximum point i 
looked upon as the half-life of the nuclide to be determined, and so the signal-to-noise 
ratio becomes smaller. It can also be seen that, when 6/¢ is larger than 10°, the curva 
ture at the maximum is almost constant and larger than the ratio in the first case. | 
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SUMMARY 


In order to choose the best ‘“‘cooling time’’ to minimize interfering y-rays in activation analysis 
the ‘‘cooling time’’ has been examined theoretically. There is an optimum cooling time whi 
depends on the time of irradiation and on the half-life of nuclide formed to be determined. 


RESUME 


Aprés avoir effectué une étude sur le ‘‘temps de refroidissement’’ optimum, dans I’analyse p 
activation, l’auteur arrive a la conclusion que ce temps optimum dépend de la durée de Virradia 
tion et de la période du radio-isotope a doser. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber Beziehungen zwischen maximaler Kiihlperiode u 
Stérungen durch y-Strahlen bei Analysen durch Aktivierung. Es wurde festgestellt, dass die ma: 
male Kiihlperiode von der Dauer der Bestrahlung und der Halbwertszeit des Isotopes abhan; 
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THE COMPOSITION OF RHODAMINE B CHLOROGALLATE 
F. CULKIN* anv J. P. RILEY 
Department of Oceanography, The University, Liverpool (Great Britain) 
(Received October 31st, 1960) 


Rhodamine B combines, in strong hydrochloric acid solution (6-8 N), with the chloro- 
wcids of a number of metals to yield intensely coloured red or violet complexes. The 
somplexes formed with Ga+3, Au+3, and Sb+5 are soluble in certain organic solvents, 
such as benzene and chlorobenzene, and have been used as a basis for sensitive 
ohotometric procedures for the determination of these elements!. Except in the case 
of antimony? no attempt seems to have been made to determine their constitutions. 
We have found that the gallium complex, in the organic phase, is represented by 
he formula (RH)GaCl, (R = rhodamine B). This confirms the formula (RH)MCla 
M = trivalent metal) suggested by ONISHI aND SANDELL® for the complexes of the 
trivalent elements. 


EXPERIMENTAL 
Determination of gallium : rhodamine B ratio 


Caesium gallium sulphate (10 wg Gat#) dissolved in 5 ml of 6.5 N hydrochloric acid 
sontaining 1% w/v titanous chloride was treated with 0.5 ml of a 0.5% aqueous 
olution of rhodamine B. The gallium was quantitatively extracted by shaking with 8 
nl of a 25% v/v solution of carbon tetrachloride in chlorobenzene+. After filtration 
hrough a glass wool plug, the organic phase was evaporated at go’. The residue, which 
consisted of rhodamine B chlorogallate, was treated with water and diluted to 25 ml. 
Rhodamine B liberated by hydrolysis of the complex was determined by measurement 
yf the optical density of the solution at 555 my in a I-cm cuvette. Quadruplicate 
-xperiments gave optical densities of 0.403, 0.405, 0.406, 0.406, average 0.405. Blank 
‘uns were also carried out omitting the gallium (optical densities 0.007, 0.009, 0.010, 
iverage 0.009). The procedure was calibrated by evaporating to dryness 8-ml aliquots 
f a solution of purified rhodamine B (10.0 mg/l) ina I : 3 mixture of chloroform and 
hlorobenzene; the residues were diluted to 25 ml with water and gave optical densities 
f 0.466, and 0.467. These results lead to the ratio of 69.7 wg Ga: 472.8 ug CosHs103Ne2Cl, 
.e. I atom Ga = 0.987 mole rhodamine B. 

Attempts were made to recover rhodamine B directly from the organic phase by 
xtraction with water or dilute sodium hydroxide, but although the organic phase 
urned colourless, no colour was formed in the aqueous phase. 


This work was carried out in partial fulfillment of the requirements for the degree of Ph.D. 
London). 
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Determination of gallium : chlorine ratio 

A solution of rhodamine B chlorogallate in 8 ml of carbon tetrachloride—chloro 
benzene mixture was prepared as described above using 20 wg Gat. The solvent wa. 
evaporated at room temperature in a small basin which was then allowed to stanc 
overnight in vacuo over solid sodium hydroxide. The residue was dissolved in I m 
of water and transferred to the outer chamber of a Conway microdiffusion cell, the 
inner compartment of which contained 1 ml of 20% w/v potassium iodide solution 
A further 1 ml of water was used for washing the basin. Sulphuric acid (1 ml of 50% 
v/v) and ca. 0.2 g of potassium permanganate were added to the outer chamber. Thi 
cell was immediately sealed with a ground glass plate smeared with a mixture o; 
medicinal paraffin and paraffin wax. Chlorine formed by oxidation of the chloro: 
gallate complex was allowed to diffuse into the iodide solution for 6 h. The liberatec 
iodine was titrated with 0.009 N thiosulphate from a micrometer syringe burette 
The end-point was detected photometrically using starch as indicator. A blank ex: 
periment was run through the whole procedure without the addition of gallium. Fo; 
standardisation, 2-ml aliquots of a standard sodium chloride solution containing 
17.75 mg Cl-/1 were treated with permanganate and acid and diffused in the same 
manner. It was found that 69.7 wg of Ga was equivalent to 129, 134, 146, average 136 
ug Cl = 3.8 wg-at.Cl. Hence in rhodamine B chlorogallate the Ga : Cl ratio is I : 4 


SUMMARY _ 
The formula of rhodamine B chlorogallate has been shown to be (RH) GaClawhere R = rhodamine Bi 


| 


RESUME 


Le gallium donne avec la rhodamine B, en présence d’acide chlorhydrique, un composé de form 
(RH)GaCly (R = rhodamine B). 


ia 


1: 
b 


ZUSAMMENFASSUNG 


Es wird nachgewiesen, dass der Gallium—Rhodamin B Komplex die Zusammensetzung RHGaCL. 
(R = Rhodamin B) hat. 
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VOLUMETRIC DETERMINATION OF PERSULPHATE IN SULPHURIC 
ACID SOLUTIONS BY PERMANGANATE 


YUGUL KISHORE GUPTA 
Department of Chemistry, D.S.B. Government College, Nainital (India) 
(Received June 27th, 1960) 


As early as in 1897 it was reported by Ess! that perdisulphuric-acid gradually 
hydrolyses first to permonosulphuric acid and then to hydrogen peroxide. ELBS AND 
SCHONHERR? and later MuGDAN3, and von BAYER AND VILLIGER showed that there 
is a progressive hydrolysis with the increasing concentration of sulphuric acid with 
the ultimate formation of hydrogen peroxide. PALME advanced the following mechan- 
ism for the hydrolysis. 


He2S20s + H2O = H2SOs + HeSOa (1) 


HeSOs + HzO > H202 + HeSO, (2) 


The author® has confirmed the previous findings and has made some additional 
observations. It has been found that the amount of hydrogen peroxide produced by 
the hydrolysis of potassium persulphate reaches a maximum at a particular concen- 
tration of sulphuric acid and decreases at higher concentrations of the acid. The 
amount of hydrogen peroxide produced is equivalent to persulphate in about 12.5 N 
sulphuric acid solution — an observation which led to the present investigation of 
the quantitative determination of persulphate. To a known volume of persulphate is 
added the requisite amount of concentrated sulphuric acid and aliquots are titrated 
with a standard solution of permanganate. 


EXPERIMENTAL PROCEDURE 


The potassium persulphate and potassium permanganate used were of Merck /.a. 
and B.D.H. quality respectively. Sulphuric acid was of A.R. quality (sp.gr. 1.84) from 
Orient Scientific Industries, Agra, India. A 5-ml microburette was used and a 5-ml 
pipette was standardised by the microburette. Persulphate solutions were always 
freshly prepared by direct weighing and the concentrations were checked by standard 
methods?,8, 

Preliminary experiments showed that it is best to prepare 50-ml solutions of per- 
sulphate in a conical flask for volumetric determination. There are deviations if the 
total volume is more or less, even though the overall concentration of sulphuric acid 
is the same. 33.5 ml of the persulphate solution were measured into a 150-ml conical 
flask and to this were gradually added (0.5 ml at a time) with shaking 16.5 ml of 


Anal. Chim. Acta, 24 (1961) 415-418 


416 Y. K. GUPTA > 
concentrated sulphuric acid (sp.gr. 1.84) from a burette. The mixture was allowed te 
cool and 5- or 10-ml aliquots were pipetted and titrated with a standard solution of 
permanganate from a 5-ml microburette. The end-point was marked by the appearance 
of pink colour which persisted at least for Io sec. A blank was also run with a solution 
of sulphuric acid of the same concentration. The readings were usually concurrent and 
the average of a number of observations was taken. 
3-, 10- or 20-ml portions of persulphate solution may also be taken and the requisite 
volume of distilled water added to make the volume 33.5 ml before adding 16.5 mh 
of concentrated sulphuric acid. Table I gives a set of typical results. . 


i 
TABLE I =: 
Conc. of KMnO, = 0.01968 N, conc. of KeS20g = 0.02 N; blank reading = 0.02 ml of KMnO¢ 


sl verage 


Pare KMn0s x MnO taken for calculation aces Se EPOr 4 
: K2S208 found ¢ 
after deducting the blank } 
ml ml ml N % & 
if 

5 5-09 
5 tae 0.01968 + 5.08 
5 5.11 5.08 ee a 1009 0.005 
5 5.10 6 
5 5.10 


Some of the observations using different concentrations of the persulphate a 
the permanganate are shown in Table II. 


TABLE II 


Blanks for 0.03921 N and 0.009852 N KMnOs, were o.or and 0.04 ml respectively 


Concentration Reaction mixture Concentration KMn0sz reqd. Concentration 
0 titrated of of K2S20s found 
K2S20s taken KMn04 
N ml N ml N 
0.04 5 0.03921 5.025 0.03941 
0.04 5 0.01945 10.12 0.03937 
0,02 10 0.03921 5.11 0.02003 
0.02 5 0.01945 5.14 0.01999 
0.02 5 0.009852 10.14 0.01998 
0.02 5 0.01968 5.08 0.01999 
0.01 ae) 0.01945 5.13 0.009978 
0.005 10 0.01945 2.505 0.004989 
0.005 10 0.009852 5.07 0.004995 
0.004 10 0.01945 2.06 0.004006 
0.002 10 0.01945 1.03 0.002003 
0.002 10 0.009852 2.025 0.001995 
0.001 20 0.01945 1.03 0.001002 
DISCUSSION 
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ne reactions (1) and (2). At higher concentrations of the acid, however, the amount 
{ hydrogen peroxide produced decreases probably because of its decomposition. 
able III gives the deviations from the correct result at acid concentrations in the 
eighbourhood of the recommended one. 


TABLE III 


onc. of KMnO, = 0.01968 N, overall conc. of K2S20s = 0.02 N, total volume ofreaction mixture = 
50 ml, reaction mixture titrated = 5 ml 


A2S04 KMn04 Error 
ml ml % 
18.5 5.015 —1.30 
18.0 5.03 —1I.00 
17-5 5-055 —0.50 
17.0 5.08 —0.005 
16.5 5.08 —0.005 
16.0 5.08 —0.005 
15.8 5.07 —0.20 
15.7 5.03 —o.60 
15-5 5.00 —1.60 


This table shows that the best acid concentration for the formation of hydrogen 
eroxide from persulphate is provided by 16.5 ml of concentrated sulphuric acid in 
o ml of solution. At lower concentrations of the acid, the amount of peroxide is less 
it increases with time, while at higher concentrations, the amount decreases with 
me. Within the acid concentration range 16-17 ml of concentrated sulphuric acid, 
ere is no change in the amount of hydrogen peroxide even after 72 h. Further it was 
und that the method is suitable only when the total volume of the reaction mixture 
50 ml. Table IV shows the percentage error for solutions of different volumes, 
ough identical in overall acid concentration. 


TABLE IV 


me. of KMnO, = 0.01968 N, overall conc. of K2S20s = 0.02 N, volume of reaction mixture 
titrated = 5 ml 


Total volume of A2S04 KMn0s4 required for 5 ml Error 
reaction mixture of reaction mixture 
ml ml ml % 
20 6.6 4.59 —9g.60 
30 9.9 5-04 —o.80 
40 13.2 5.07 —0o.20 
50 16.5 5.08 —0.005 
60 19.8 5.06 —0O.40 
100 33.0 4.96 —2.40 


Heating or diluting the reaction mixtures does not alter the amount of hydrogen 
roxide. It is also interesting to note that the method fails if persulphate is added to 
e acid solution. Only approximately a quarter of the hydrogen peroxide is formed 
the addition of the reactants is reversed. In this case the maximum amount of 
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peroxide is formed at a higher acid concentration (22.5 ml of concentrated sulphuric 
acid in 50 ml solution), but this corresponds to only 95% of the persulphate. 

There is a 5°% contraction in the total volume as a result of mixing sulphuric acid 
with the persulphate solution and there is a 5% decomposition of persulphate or 
hydrogen peroxide or only 95% persulphate is converted into hydrogen peroxide. 
However, it is only by chance that the contraction is equal to the decomposition, 
Hence the method is suitable only under following limitations. 

(zr) The total volume of the reaction mixture should be 50 ml. 

(2) Sulphuric acid should be added last. : 

(3) 5-, 10- or 20-ml samples should be titrated against the permanganate and not 
the whole of the reaction mixture. 

It may also be mentioned that the persulphate can be determined in a similar 
manner iodornetrically in 10.8 N H2SO. when the whole of the persulphate is present 
in the form of Caro’s acid. ; 


» 


SUMMARY 
The determination of persulphate in a ca. 12.5 N sulphuric acid solution by direct titration with 
permanganate is described. The results are satisfactory but the conditions are critical. t. 
RESUME 7 


Une méthode est proposée pour le dosage volumétrique des persulfates, par titrage direct au moye: 
de permanganate, en présence d’acide sulfurique. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur Bestimmung von Persulfaten durch direkte Titration mit Per 
manganat in Gegenwart von Schwefelsdure. 
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IODIMETRIC DETERMINATION OF CARBON DISULPHIDE 


STUDY OF THE EFFECT OF pH 
M. EUSUF anp M. H. KHUNDKAR 
Department of Chemistry, Dacca University, Dacca (Pakistan) 


(Received September 17th, 1960) 


odimetric determination of carbon disulphide was first proposed by DELACHANAL 

ND MErRMET!; alkali xanthate is formed and the mixture is acidified with acetic acid 

nd titrated directly with standard iodine solution in presence of starch. The reaction 
=) ; NS) 


2 CzHs—O—C—S—K + Iz — (C2Hs—O—C—S), + 2 KI 


rASTINE® suggested that the titration should be carried out in neutral or slightly 
Ikaline solution and recommended the addition of excess sodium bicarbonate after 
cidification with acetic acid. Rupp anD Krauss? also recommended the use of 
icarbonate, although their data showed that more iodine was then consumed than 
1 acidified medium. HALBAN AND KirscH¢4 showed that the reaction was not affected 
y excess of bicarbonate, but was greatly influenced by most organic solvents. The 
nethod was reported as inaccurate by ANDRE®. 
More recently, Maruszax® studied the reaction and confirmed that high results 
e obtained in presence of excess of bicarbonate (owing to the rapid disappearance 
the blue end-point). Avoidance of excess bicarbonate, cooling of the solution in 
ice bath, and the use of fresh alcoholic potash solution for the preparation of 
nthate gave satisfactory results. 
It is obvious that the reaction must depend greatly on the pH of the titrated 
lution, and that, to obtain quantitative results, it must be carried out under precisely 
fined conditions. In acid medium, there will clearly be a tendency for the xanthate 
decompose and the extent of decomposition is influenced by the hydrogen ion 
ncentration. On the other hand, if the solutions are neutralized (after acidification) 
ith sodium bicarbonate, high results are obtained, presumably owing to the con- 
mption of some iodine by the dixanthogen formed as a result of the primary 
orward) reaction. No quantitative data on the kinetics of this reaction have been 
blished, but it appears that the reaction would be accelerated with increase of pH. 
The present study was intended to clarify the effect of acidity on the decomposition 
xanthate and also whether this decomposition can be retarded sufficiently by 
ing acetate as a buffering agent in place of excess bicarbonate. It is shown that if 
e titration is carried out within a narrow pH-range in acetic acid—acetate buffered 
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. 


solutions, satisfactory results are obtained and the reaction can be utilized for 
accurate determinations of carbon disulphide. i 


EXPERIMENTAL 


The accurate weighing of the carbon disulphide presented some difficulties and the 
following procedure was finally adopted. First a small amount of alcoholic potassium| 
hydroxide was weighed in a weighing bottle. About 0.2 g of carbon disulphide (pure; 
reagent quality) was added and the bottle was reweighed. It was noted that during; 
the time interval, the alcoholic hydroxide itself lost some weight. A large number’ 
of experiments showed that if the same amount of alcoholic hydroxide and the; 
same time were taken for weighing, the loss of weight was always the same at room| 
temperature (25-27°). It was thus decided to use 25 ml of 10% alcoholic hydroxide; 
and to carry out the weighing so that the weighing bottle was kept open for exactly 
30 sec in each experiment. Under such conditions the weight of the carbon disulphide; 


taken had to be corrected by the loss determined by a blank experiment. ‘ 


The contents of the weighing bottle were washed into 25 ml of 10% alcoholic: 
potassium hydroxide. The excess alkali was neutralized with glacial acetic acid to ai 
phenolphthalein end-point. The solution was then treated with further acid and/or: 


sodium acetate as desired, and diluted to a volume of 250 ml before titration with! 
| 
Ht 


standard o.1 N iodine solution in presence of starch indicator. 


REAGENTS 


Fresh alcoholic potassium hydroxide (10%) 


This solution was prepared by dissolving 10 g of A.R. potassium hydroxide in! 
100 ml of absolute alcohol and then cooling the solution in running water. 


Iodine solution (0.1 N) 


This solution was prepared by dissolving 12.7 g of resublimed A.R. iodine in 100 ml 
of distilled water containing 40 g of A.R. potassium iodide and then diluting to one 
litre with distilled water. The solution was standardised against 0.1 N NaS2O3 which 
had been standardised against standard K2Cr20y solution. 


EFFECT OF TIME INTERVAL BETWEEN ACIDIFICATION AND TITRATION 


It is quite possible that in acid medium some decomposition of the xanthic acid woul 
take place, and thus cause low results for sulphur; the extent of decomposition woul 
depend on the time taken for the titration. The results presented in Table I show thé 


TABLE I 


EFFECT OF TIME INTERVAL BETWEEN ACIDIFICATION AND BEGINNING OF TITRATION 


si hey bie Paget ee of Sulphur present Sulphur found ss 
g g g 70 
I 0.2254 0.1898 0.1890 —0.5 
2 0.2154 0.1814 0.1772 —2.3 
3 0.2528 0.2129 0.2078 —2.5 
5 0.2742 0.2309 0.2209 ites 
Io 0.2160 0.1819 0.1684 —y-5) 
20 0.2492 0.2098 0.1803 —14.0 
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he decomposition does occur to an extent which may vitiate the titration altogether. 
_ In these experiments, the excess alkali was first neutralized with glacial acetic acid 
1.8 ml) and then 1 ml of acid was added to give pu 5. The time interval between 
his acidification and the beginning of the titration was varied; the time taken for 
he actual titration was kept constant (45 sec). The Table shows that significant 
esults were only obtained when the titration was started within a minute of acidi- 
ication; otherwise the decomposition was appreciable. It will be seen later that the 
‘ate of decomposition is much slower at higher pu. 


EFFECT OF pH 


Another set of experiments was carried out in which the timing was kept constant 
2 min plus 45 sec for titration), but the pH was lowered below 5. The results shown 
n Table II confirm that the extent of decomposition also depends on the acid con- 
entration and for satisfactory titration, the pH must exceed 5. When no excess of 
. acid is added (pH = 7.7), there is a moderate positive error, which indicates 
hat the pH should be between 5.0 and 7.0. 

The results shown in Table III were obtained when the pH was adjusted by adding 


TABLE II 
EFFECT OF pH 
Excess acetic (Corrected) wt. Sulphur Sulphur miyyor 
acid added pH of CS2 taken present found 0% 
ml g & g i 
fe) Tesi 0.2018 0.1699 0.1735 + 2.0 
fe) ee, 0.2170 0.1826 0.1861 + 1.9 
I 5.0 0.3038 0.2558 0.2483 — 2.9 
2 4-7 0.2594 0.2184 0.2077 — 4.9 
3 4.5 0.2138 0.1801 0.1692 — 6.1 
: 5 4.3 0.1874 0.1578 0.1435 — 9.1 
| Io 4.1 0.2492 0.2098 0.1691 —I9.4 
TABLE LEE 


SFFECT OF USING VARYING AMOUNTS OF SODIUM ACETATE IN CONJUNCTION WITH A SMALL EXCESS 
OF ACETIC ACID 


Excess acetic acid used = 1.0 ml for expts. 1 to 6 and 0.5 ml for expts. 7 to 12 


j : Y Sulphur 
exe ‘s = ied pH of Cha taken pape iia ie 
g g ene g 
I fo) 5.0 0.2154 0.1814 0.1772 —2.3 
2 2) 5.2 0.1828 0.1539 0.1522 —I.1 
3 5 5.4 0.2334 0.1965 0.1960 —0.3 
4 10 5.6 0.2246 0.1892 0.1890 —0.10 
5 15 5-7 0.2152 0.1811” 0.1810 —nil 
6 20 5.8 0.2238 0.1883 0.1884 +nil 
7 fo) 5-3 0.2456 0.2068 0.2059 —0.4 
8 2 5.6 0.2544 0.2142 0.2140 —o.1 
9 5 5.8 0.1952 0.1644 0.1653 +0.5 
Io Io 6.0 0.2656 0.22360 0.2259 +1.0 
II 15 6.1 0.2140 0.1802 0.1816 +0.8 
£2 20 6.25 0.2140 0.1802 0.1832 +1.6 
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a slight excess of acetic acid (I.0 or 0.5 ml of glacial acetic acid) followed by varying 
amounts of sodium acetate. It can be seen (see also Fig. 1) that there is no decom-. 
position of xanthate in the pH range 5.7 and 5.8; but a wider pH range from 5-4 to 
6.0 can be employed if an error of +-1.0% can be tolerated. Optimally, the titrating 


4 5 6 7 bH 8 


Fig. 1. Effect of pH on iodimetric determination of CSz. -O— data from Table Il; —A— data from} 
Table III (top); -—(]- data from Table III (bottom). 


oe a 


solution should be first neutralized (to the phenolphthalein end-point) with acetic acid 
and then 0.5 ml of acetic acid added together with 2-5 g of sodium acetate before 
the titration. If more of acetic acid (1.0 ml) is added, more sodium acetate (5-15 g) 
is required. Under these conditions, carbon disulphide can be satisfactorily deter 
mined. 

It has been seen that at a pH of 5.0 or below, a time interval of even one or two 
minutes between the acidification and the beginning of the titration was unsatis 
factory. However, higher px values in the range of 5.4-5.8 gave satisfactory result 
for a time interval of two minutes. The data in Table IV show that at px 5.4 the rat 
of decomposition is considerably slower and a time interval of even ten minutes cal 


be safely allowed. In these experiments 1 ml of acetic acid and 5 g of sodium aceta ’ 
were added. 


TABLE IV 


EFFECT OF TIME INTERVAL BETWEEN ACIDIFICATION AND BEGINNING OF TITRATION AT PH 5.4 


eee Corrected wt. o, ulph 
te ee CS2 taken : ee pire ry”, 
g g g : 
I 0.2208 0.1861 0.1869 +0.5 
2 0.2082 0.1753 0.1760 +0.4 
3 0.2144 0.1806 0.1805 nil 
5 0.2252 0.1895 0.1882 —0.7 
10 0.1840 0.1549 0.1536 —0.9 
20 0.2170 0.1827 0.1760 3.7 
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RESULTS WITH VARYING QUANTITIES OF CARBON DISULPHIDE 


ith the optimum conditions indicated above (i.e. at pH 5.4) it was shown that 
mounts of carbon disulphide varying between 0.0060 g and 0.3240 g could be satis- 
actorily determined by this method (Table V). It should, however, be pointed out 


hat for very small quantities of disulphide, the titrations should be carried out with 
eat care and with a micro-burette. 


TABLE V 


EFFECT OF VARIATION OF THE AMOUNT OF CS2 


Acetic acid needed Corrected wt. of Sulphur Sulphur 
Expt. No. for neutralization CS2 taken present found eer 
ml g g g 42 

I 1.9 0.0061 0.0051 0.0051 nil 

2 1.9 0.0122 0.0102 0.0102 nil 

3 1.9 0.0183 0.0154 0.0154 nil 

4 1.9 0.0277 0.0233 0.0233 nil 
5 1.9 0.0554 0.0467 0.0472 -- 1.0 
6 1.9 0.1022 0.0860 0.0861 +0.1 
7 1.9 0.1227 0.1033 0.1040 +0.7 
8 1.9 0.1442 0.1214 0.1222 +0.7 
9 1.8 0.1874 : 0.1578 0.1581 +0.2 
pce) 1.8 0.2082 0.1753 0.1760 +0.4 
II 0.2474 0.2083 0.2070 —o.6 
re 1.8 0.2650 0.2231 0.2214 —o.8 
13 U7 0.3240 0.2728 0.2720 —0.3 

SUMMARY 
The effects of pH and time on the error (due to decomposition of xanthate) involved in the iodi- 


metric determination of carbon disulphide have been studied. A pH range of 5.4 to 5.8 (acetate- 
suffered) is recommended. Carbon disulphide varying in amount from 0.0060 to 0.3240 g can be 
letermined with an error of +1.0%. 


RESUME 
_es auteurs ont effectué une étude sur |’influence du px lors du dosage iodimétrique du sulfure 
le carbone. 
ZUSAMMENFASSUNG 
Jntersuchung iiber den Einfluss des pu auf die jodometrische Bestimmung des Schwefelkohlen- 
toffs. ; 
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DOSAGE COMPLEXOMETRIQUE DE CHLORURES, CHLORATES EJ 
PERCHLORATES EN PRESENCE LES UNS DES AUTRES ~@ 


ARTHUR DE SOUSA 
Laboratoire de Chimie Analytique, Faculté des Sciences, Lisbonne (Portugal) 


(Regu le 31 octobre 1960) * 


Nous avons décrit une méthode pour la détermination simultanée de chlorates et: 
perchlorates en présence l'un de l’autret. A présent nous présentons la technique pout 
le dosage complexométrique des chlorures, chlorates et perchlorates dans un mélange. 
La méthode décrite a l’avantage de pouvoir doser les trois ions en moins de 4 heures, 


rures, en dissolvant le précipité de chlorure d’argent dans une solution ammoniacale 
de nickel—tétracyanure. Les réactions se passent comme suit: 


2 AgCl + [Ni(CN)4]-2 — 2[Ag(CN)s]- + Nit? + 2 Cl- 


Le nickel déplacé est dosé par voie complexométrique et |’halogéne est ainsi détermine 
indirectement. 

Lorsqu’on ajoute du nitrate d’argent 4 un mélange de chlorures, chlorates et pe 
chlorates, seuls les chlorures sont précipités. De cette fagon, nous pouvons détermineé 
les chlorures. 

Les chlorates doivent étre réduits en chlorures pour pouvoir étre déterminés par I 
méthode ci-dessus. Une réduction appropriée est utilisée pour réduire seulement k 
chlorates, laissant les perchlorates dans leur état initial. 

Au moyen d'une réduction plus intense, les chlorates et les perchlorates sont tra 
formés en chlorures et les trois composés du chlore sont précipités en chlorure d’argen 

Les chlorates contenus dans le mélange peuvent étre réduits en chlorures en add 
tionnant du sulfate ferreux ou du zinc en poudre a la solution acidifiée (acide acétique 
Ces deux procédés de réduction n’affectent pas les perchlorates. 

La réduction des perchlorates est effectuée au moyen d’un chauffage du mélang 
(a l'état solide) avec environ 5 fois le poids de chlorure d’ammonium. Au cours 4 
cette opération, les chlorates sont aussi réduits en chlorures. Le mélange, résultat 
aprés réduction ne contient pourtant que des chlorures qui peuvent étre précipités pe 
le nitrate d’argent. 

Ayant trois précipités de chlorure d’argent, correspondant (1) aux chlorures, (2) au 
chlorures et aux chlorates, (3) aux chlorures, chlorates et perchlorates contenus dé 


le mélange, il est possible de déterminer chacun des composés par voie complext 
métrique. 
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eactifs 


Chlorure d’ammonium (fro analisi); solution de sulfate ferreux cristallisé A TOO: 
lutions de nitrate d’argent a 5% et 0.1%; solution d’acide nitrique a 1%; solution 
> complexon-III 0.1 M; solution saturée de murexide (aqueuse) ; solution ammonia- 
le de nickel-tétracyanure 0.1 M, obtenue par titrage précis d’une solution de sulfate 
> nickel 0.1 M par une solution de cyanure de potassium 1 M aprés addition d’am- 
oniaque, le titrage est terminé lorsque l’indicateur (murexide) vire du jaune au 
olet. 


MODE OPERATOIRE 


ne portion de |’échantillon a l’état de poudre est traitée avec cinq fois son poids 
> chlorure d’ammonium dans une capsule de platine. On mélange le tout intimement. 
n recouvre le mélange avec une couche de chlorure d’ammonium et l’on chauffe 
yucement pendant 1 a 2 h aprés avoir couvert la capsule avec un verre de montre. 
Au cas ot l'on utilise une capsule de porcelaine, il faut ajouter au mélange 1 ml 
acide chloroplatinique. On doit veiller 4 ce que la température du mélange soit au- 
sssous du point de fusion du chlorure résiduel (sinon on risque d’attaquer les parois 
> la capsule de platine). On ajoute encore du chlorure d’ammonium et |’on chauffe 
yucement pendant une demi-heure. On laisse refroidir et l’on dissout les chlorures 
ins l’eau distillée contenue dans un bécher. On ajoute de l’acide nitrique, puis l’on 
écipite tous les chlorures 4 l'aide de nitrate d’argent 4 5°%. On porte le contenu 
1 bécher a |’ébullition pendant 5 min en prenant soin de couvrir le bécher avec un 
tre de montre. 
On refroidit la solution et l’on filtre sur un Gooch. Le précipité est lavé avec une 
lution de nitrate d’argent 4 0.1%. Il (A) est mis de c6te pour étre dissous dans la 
ution de tétracyanure de nickel. 
Dans une seconde portion de |’échantillon, les chlorates sont réduits au moyen de 
Ifate ferreux. La prise d’échantillon est dissoute dans l'eau distillée, puis traitée par 
» ml d’une solution de sulfate de fer(II) 4 10%. On chauffe a l’ébullition tout en 
itant pendant 15 min. On ajoute l’acide nitrique jusqu’a ce que le sel ferrique basique 
it complétement dissous. Les chlorures sont précipités ensuite par le nitrate d'argent. 
précipité (B) est lavé comme dans le cas de (A) puis mis de cété pour le titrage 
mplexométrique. 
Une troisiéme portion de l|’échantillon est dissoute dans roo ml d’eau distillée. 
ajoute quelques gouttes d’acide nitrique a la solution jusqu’a réaction acide. Les 
orures sont précipités ensuite par addition de nitrate d’argent. Le précipité (C) est 
é et filtré comme indiqué ci-dessus, puis introduit avec le filtre Gooch dans un 
cher de 500 ml contenant la solution ammoniacale de nickel-tétracyanure. On chauffe 
ucement en agitant jusqu’a dissolution compléte du précipité. On ajoute quelques 
ttes d’indicateur (murexide) et l’on titre le nickel libéré avec la solution de com- 
xon-III, jusqu’a ce que la couleur de la solution vire au violet. Pour connaitre la 
antité de Cl- en mg, il faut multiplier le nombre de ml de complexon-III par 7.0914. 
es précipités (A) et (B) sont traités d’une fagon identique et la quantité totale de 
orures est déterminée dans chaque cas. La différence en ml entre les titrages des 
cipités (B) et (C) donne la quantité de ClO3~ en mg en multipliant par 16.691. 
a différence en ml des titrages des précipités (A) — [(B) + (C)] multipliée par 
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19.891 donne la quantité en mg de ClO4~ contenue dans le mélange. Ainsi, on obtien 
le dosage des trois composés de chlore. Les résultats sont trés satisfaisants et la me 
thode a l’avantage d’étre plus rapide que celle de la gravimétrie. é 


RESUME j 
Une méthode est décrite pour le dosage d’un mélange de chlorures, chlorates et perchlorates pa 
voie complexométrique. Les chlorates et les perchlorates sont réduits a l’état de chlorures a 
moyen de réducteurs appropriés et précipités ensuite sous forme de chlorure d’argent. Ces précip 
tés (respectifs aux chlorures, chlorates et perchlorates) sont dissous dans une solution ammonia 
cale de nickeltétracyanure et l’ion Nit? déplacé par la réaction est titré au moyen du complexon-II] 
Le chlorure est déterminé indirectement. Trois titrages sont nécessaires pour obtenir les valeurs e 
mg deCi-, ClO- et de ClO4~. Le premier titrage donne la somme des chlorures (apres réduction de 
chlorates et perchlorates). Un second titrage donne la quantité de chlorures aprés réduction de 
chlorates seulement et le troisiéme fournit les chlorures existant dans le mélange. Au moyen d 
facteurs appliqués aux lectures de burette, on obtient la teneur des trois composés du chlore. L 
méthode est rapide et sensible. Des essais faits avec des mélanges artificiels ont donné des résultat 
satisfaisants. 


SUMMARY 


A method is described for the analysis of a mixture of chlorides, chlorates and perchlorates 
complexometric titration. It is based on the partial reduction of chlorates and the reduction 
chlorates plus perchlorates respectively; the chloride formed can then be determined. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur Analyse eines Gemisches von Chloriden, Chloraten und 
chloraten durch komplexometrische Titration. Das Verfahren beruht. auf der partiellen Reduk 
des Chlorates bezw. der Reduktion des Chlorates + Perchlorates und Bestimmung des gebild 

Chlorids. 
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“HERMOGRAVIMETRIC CHARACTERISTICS OF BARBITURIC ACID 
AND SOME OF ITS DERIVATIVES 


ALEXANDRE BERLIN*, MURRAY E. TAYLOR anp REX J. ROBINSON 
Department of Chemistry, University of Washington, Seattle, Wash. (U.S.A.) 


(Received November tst, 1960) 


INTRODUCTION 


-Nitrobarbituric acid has been used for the determination of metal cations!-® and 
rganic bases®.®. The thermogravimetric characteristics of some inorganic and organic 
alts of 5-nitrobarbituric acid have been given by the authors in previous papers*6. 
‘he thermogravimetric characteristics of barbituric acid, dilituric acid (5-nitrobar- 
ituric acid), violuric acid (5-isonitrosobarbituric acid), 1,3-dimethylvioluric acid and 
arbital (5,5-diethylbarbituric acid) are presented in this paper. 

HOTCHKISS AND JOHNSON? reported that dibarbituric acid is formed by the loss 

f one mole of water of composition per two moles of barbituric acid when the latter 
s heated in glycerol at 170°. The authors have been interested in observing if such 
reaction also took place in the solid state. 
Dilituric acid, as stated previously, has been used for gravimetric determinations. 
‘hermal stability studies of dilituric acid and the diliturates should prove of value 
1 investigating the proper temperature of heating the diliturates. Such a temperature 
hould be high enough to decompose or sublime any coprecipitated dilituric acid but 
ot high enough to decompose the diliturates. 

Violuric and 1,3-dimethylvioluric acid have been used by TAyLor® for the spectro- 
hotometric determination of the alkali and alkaline earth metals. A thermogravi- 
etric study of these acids and salts is reported in this paper to indicate the degrees 
f hydration as well as the range of stabilities of the anhydrous compounds. 

The decomposition of barbital has also been made to study the effect of alkyl 
bstituents in the 5 position on the decomposition. 


EXPERIMENTAL 
reparation and purification of the acids 
Barbituric acid. Technical grade barbituric acid from Eastman Organic Chemicals 
as recrystallized from 50% ethanol solution, washed with ether and dried in air 
ernight. 
Dilituric acid. Technical grade dilituric acid from Eastman Organic Chemicals was 
crystallized from water and dried in air overnight. 
Violuric acid. Technical grade violuric acid from Eastman Organic Chemicals was 
crystallized from a 50% ethanol solution and dried in air overnight. 
1,3-Dimethylvioluric acid. The method used for the preparation of 1,3-dimethyl- 
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violuric acid was essentially that of Birtz® and BIrtz AND HAMBURGER?? with mino 
modifications. 4 
Barbital. Barbital, from Eastman Organic Chemicals was used directly withou 


further recrystallization. 


. 


Apparatus ; 
An A.D.A.M.E.L. recording thermobalance (Chevenard System) was used to obtai: 
the thermolysis curves. The samples were heated in No. 000 porcelain crucibles 
having a volume of about 6 ml. : 
PROCEDURE : 
The samples were in the form of powders passing through a 65-mesh sieve. All thi 
compounds were heated in air with the exception of violuric acid, which was run & 
dry nitrogen, flowing at the rate of 2 1/h. The weights of the samples and the corre 
sponding rates of heating are given in the figures. i. 
In the graphical representations of the thermogravimetric decompositions we hay 
normalized the curves to a percentage change in weight vs. temperature. In this wa 
differences in weight of the samples are eliminated and comparison is easier. 
Another way of presenting these thermogravimetric decompositions is by a plot € 
the change in the apparent molecular weight vs. temperature. Such plots give a diree 
measurement of the molecular weight of the fraction decomposing and permit an eas 
correlation between reactions of similar compounds. An example of such a represeéi 
tation will be shown. 


RESULTS AND DISCUSSION 


The thermal decomposition curves of barbituric, dilituric and violuric acids are shows 
in Fig. 1, with the data normalized for percentage decomposition. The thermal de 
composition curves of 1,3-dimethylvioluric acid and of barbital are shown in Fig. 2 
In Fig. 3 we have the decomposition curves of the same acids as in Fig. 1 but th 
data in this case have been normalized with respect to changes in the apparen 
molecular weight. A differential thermal analysis curve for the dehydration and dé 
composition of dilituric acid is shown in Fig. 4. 


Percentage weight remaining 


Fig. 1. Thermal decomposition of derivati ituri i i i i 
i _ econ atives of barbituric acid. A. Violuric acid, 45.3 mg he 
at 65 /h; B. Barbituric acid, 88.9 mg heated at 65°/h; C. Dilituric acid, 69.3 mg heated at 65 
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ig. 2. Thermal decomposition of derivatives of barbituric acid. A. Barbital, 31.8 mg heated at 
65°/h; B. 1,3-Dimethylvioluric acid, 40.0 mg heated at 65°/h. 
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ig. 3. Thermal decomposition of derivatives of barbituric acid. Curves normalized with ae 
> changes in the apparent molecular weight. A. Barbituric acid, 88.9 mg heated at 65°/h; 
Violuric acid, 45.3 mg heated at 65°/h; C. Dilituric acid, 69.3 mg heated at 65°/h. 
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Fig. 4. Differential thermal decomposition of dilituric acid, heated at 300°/h. 
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Barbituric acid (Tig. 1) | 

The dehydration of barbituric acid dihydrate began at 20° and terminated at 70°, 
In spite of the easy dehydration, this water must be water of crystallization since the: 
precipitate had been washed with ether, and normally water of absorption would be) 
removed by this treatment. Anhydrous barbituric acid was stable to 180°. An acceler-> 
ated loss in weight followed to 320°. From 320° to 400° the residue, representing 22%, 
of the initial weight, was stable. If dibarbituric acid had been formed by a solid state: 
reaction a plateau or a break in the slope of the thermolysis curve would have beens 
observed corresponding to a loss in weight of 27.5%. No such break occurred; wei 
can therefore conclude that dibarbituric acid is not formed by thermal decomposition. | 
The stable residue formed at 320° decomposed slowly to 600° at which temperature\ 
no residue was left. 


Dilituric acid ( Fig. 2) 
A trihydrate was formed upon recrystallization from water which dehydrated be= 
tween 50° and go°. A more complete discussion of the dehydration of dilituric acid: 
and of the kinetics of this dehydration will be given in a later paper. The anhydrous: 
form of dilituric acid was stable to 140°. A decomposition then was initiated and at’ 
185° dilituric acid exploded, even though there was a low rate of heating. It appears: 
that this explosion will occur under any heating conditions since an explosion also: 
occurred after a certain time, when dilituric acid was heated at a constant temperature! 
of 150°. This is reasonable in view of the high exothermicity of the autocatalytic: 


reaction as shown by the differential thermal curve in Fig. 4. The residue, left after: 


this solution was more complex having peaks at 218 and 318 my and a shoulder a 
237 mu. It seems that the 218-my peak is due to the primary ionization of dilituri¢ 
acid, while the 318-my peak is due to a secondary ionization and is strongly dependent 
upon the pH of the solution. 1 
The thermal decomposition product of dilituric acid which appeared just before 
the explosion had a deep red color; it was more easily soluble in water than diliturié 
acid itself giving a deep red solution with high absorbancy at 520 my. This absorption 
peak disappeared completely within 3 h. The px of such a solution was about 3 and 
did not change with the change in color. 
If this same decomposition product was dissolved in ethanol then the absorptior 
peak was shifted to 450 my and it had a higher stability. The U.V. absorption spec 
trum of the residue of dilituric acid was only slightly different from that of diliturié 
acid itself, the peaks having been shifted to 212, 311 and 249 my respectively. 
Let us note finally that upon evaporation of the faded solution the original ret 
residue was obtained again. This substance dissolved in water forming a red solutio 
which faded on standing in the same manner as the original red solution. This i 
an indication that the red color is due to an anhydrous form and that the decay i 
simply a reversible hydrolytic process. 
The infrared spectrum of the residue showed the complete disappearance of th 
6.75-, 6.95- and 7.00-u peaks of dilituric acid due to the nitro group. 
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Violuric acid (Fig. r) 
The ee of violuric acid was quite stable. per levis aha took place between 
114° and 130°. The anhydrous form was stable up to 195°. A S- -shaped decomposition 


curve followed to 500° where an explosive like break occurred in the thermolysis 
curve. The decomposition was terminated at 715°. 


T,3-Dimethylvioluric acid (Fig. 2) 

This acid did not form a hydrate. Sublimation started at 130° and proceeded 
without side reactions to 230°, where 28%, of the initial weight remained. With the 
inflection point at 230° the differential change in weight became less accentuated. 
This can be interpreted as due to coating of the undecomposed dimethylvioluric acid 
with decomposition product rendering further sublimation difficult. Another break in 
the curve occurred at 270° indicating a further reduction in the differential change 
in weight. The residue disappeared completely at 370°. 

The decomposition curve of 1,3-dimethylvioluric acid obtained at a rate of heating 
of 300°/h had an inflection point at 275°. There was a 50% loss in weight, indicating 
decomposition as the major process whereas sublimation predominated at the slower 
rate of heating. 


Barbital (Fig. 2) 

Barbital was also present as the anhydrous compound. It started to sublime at 
145° accelerating to 280° where no residue remained. 

Comparing the various thermolysis curves it is seen that substitution of an alkyl 
group for a hydrogen either on the nitrogen or on the 5 carbon makes the resulting 
compound less stable and with a greater tendency to sublime. The stability of the 
unsubstituted compound can be attributed to hydrogen bonding within the crystal 
lattice. 


SUMMARY 


The thermolysis curves of barbituric acid and some of its derivatives have been determined. 
Barbituric acid, violuric acid and dilituric acid form hydrates while 1,3-dimethylvioluric acid and 
barbital are anhydrous. Barbital and 1,3-dimethylvioluric acid sublime before decomposition. 
The differential thermal analysis for dilituric acid showed a sharp exotherm at 190° indicating 
a violent explosion. 


| RESUME 


Les auteurs ont examiné les courbes de pyrolyse de l’acide barbiturique et de quelques-uns de 
ses dérivés: acide violurique, acide diliturique, acide diméthyl-1,3-violurique et barbital. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber das thermolytische Verhalten von Barbitursaure und 
einigen Barbitursaurederivaten. 
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(Received November 1st, 1960) 


INTRODUCTION 


The thermogravimetric characteristics of barbituric acid, its 5-substituted derivatives, , 
the organic salts of 5-nitrobarbituric acid and of the diliturates of potassium, mag: - 
nesium and lead have been reported previously!~. e: 

We have determined the degrees of hydration and the thermal decomposition | 
curves of the diliturate salts which have been used for the gravimetric determination | 
of the respective cations (copper4, nickel5, cadmium, cobalt(II)7). We have estab- - 
lished the thermal characteristics of the diliturate salts which could be used for the 
determination of the corresponding cations (iron(II), zinc). { 

The magnetic susceptibilities of cobalt and iron diliturates have also been investi- 
gated to get a better idea of the nature of the bonds formed between the metal cation | 
and the organic portion of the molecule. 


EXPERIMENTAL 
Reagents and metal diliturates 


Dilituric acid solution. The solution used for the preparation of the metal diliturates- 
was an aqueous solution saturated at 25°. a 
Ammonium diliturate. An excess of dilituric acid solution was added to a 0.1- 
aqueous solution of reagent grade ammonium chloride. Ammonium diliturate pre= 
cipitated immediately; it was filtered, washed with water and dried in air. 
Rubidium diliturate. Reagent grade rubidium chloride was used for the preparatio 
of rubidium diliturate. The method of preparation was similar to that for ammonium 
diliturate. 
Tron(II) diliturate. An excess of hot dilituric acid solution was added to a 0.1-M 
aqueous solution of recrystallised Fe(NH4SO4)2"6 H2O. The iron(II) diliturate hexa 
hydrate precipitate was filtered, washed with water and dried in air. 
Cobali(II) diliturate. An excess of dilituric acid solution was added to a 0.1-V 
aqueous solution of reagent grade cobalt(II) nitrate from the Allied Chem. and Dye C 
The cobalt (IT) diliturate hexahydrate was treated similarly to iron(II) diliturate. 
; Nickel diliturate. Reagent grade nickel nitrate was used for the preparation of nicke 
diliturate hexahydrate. The preparation was similar to that of cobalt(II) diliturate 
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Copper diliturate. An excess of a saturated solution of dilituric acid in ethanol (50%) 
was added to a 0.017-M solution of copper nitrate which had been prepared by 
dissolving copper metal in nitric acid. The copper diliturate octahydrate precipitate 
which formed was cooled in an ice bath, filtered, washed twice with a 0.02% solution 
of dilituric acid in alcohol, twice with 95° ethanol and finally with anhydrous ether. 

Zinc diliturate. An excess of saturated dilituric acid solution in 50°/ ethanol was 
added to a dilute aqueous solution of reagent grade zinc chloride, Allied Chemicals 
and Dye Co. The resultant mixture was heated, then cooled slowly and finally in ice. 
Zinc diliturate hexahydrate precipitate was filtered, washed with 95° ethanol and 
dried in vacuo (water pump). 

Cadmium diliturate. An excess of saturated dilituric acid solution was added to a 
0.01-M aqueous solution of analytical reagent grade cadmium chloride, Mallinckrodt 
Chemical Works. The resultant mixture was heated, cooled slowly, finally in ice. 
The cadmium diliturate octahydrate precipitate was filtered, washed with a 0.02% 
solution of dilituric acid in alcohol and then dried with acetone. The precipitate was 
further dried in a vacuum desiccator. 


Carbon and hydrogen analyses of the above compounds are as follows (see Table I): 
TABLE I 
Calculated havea 
Salt 

%C %H %C %H 
Rubidium diliturate 
RbCiN2H203: NOg 18.65 0.78 18.58 0.99 
Mol. wt. 257.6 18.39 0.74 
Zinc diliturate hexahydrate 
Zn(CaN2H203:NOs2)2:6 H20 18.56 shai 17.61 3.56 
Mol. wt. 517.7 17.50 3.51 
Cadmium diliturate octahydrate 
Cd(CaN2H203: NOz)2*8 H20 15.99 3.36 15.20 3.37 
Mol. wt. 600.8 15.46 3.14 
Cobalt diliturate hexahydrate 
Co(CaN2H203- NO2)2:6 H2O 18.79 3.16 18.52 3.52 
Mol. wt. 511.3 18.27 3.42 
Iron diliturate hexahydrate 
Fe(C4N2H203- NOz)2°6 H2O 18.91 3.18 18.29 3.68 
Mol. wt. 508.2 17-95 3-63 
Nickel diliturate hexahydrate 
Ni(C4N2H203- NOz)2-6 H2O 18.80 30 18.32 3.40 
Mol. wt. 511.0 18.02 3-53 


pparatus 

An ADAMEL recording thermobalance (Chevenard System) was used to obtain 
he thermolysis curves. A magnetic susceptibility balance similar to the one described 
y InRIG AND CALDWELL® was assembled. Due to the low sensitivity of the balance 
nd to the weak magnetic field strength (3700 + 200 gauss) it was not necessary to 
nclose the system in a glass container. 
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Procedure j 
The samples for the thermolysis determinations were in the form of powders passing 
through a 65-mesh sieve. They were placed in No. 000 porcelain crucibles, having a. 
volume of about 6 ml. All the compounds were run in air excepting cadmium diliturate- 
which was run in dry nitrogen flowing at the rate of 2 l/h. The weights of the samples — 
and the rates of heating are given in the Figs. In the graphical representation of the 
thermogravimetric decompositions we have normalized the curves to a percentage 
change in weight vs. temperature. 
The method described by SELwoop? was used for calculating the molar paramag- 
netism yar and the permanent effective moment jlerr from the changes in weight of the - 
sample produced by the application of the magnetic field. The magnetic susceptibility 
balance was calibrated with hydrated ferrous ammonium sulfate. The number of un-— 


ett = (n(n +2) 


RESULTS AND DISCUSSION 


Thermolysis curves 


The thermal decomposition curves of ammonium and rubidium diliturates are given _ 
4 


in Fig. 1. Alkali metals and ammonium form stable anhydrous salts with dilituric acid. 


Le 
300) 


{e)) 
{e) 


Percentage weight remaining 
tm 


1000 


Temperature °C 


Fig. 1. Thermal decomposition curves. A, Rubidium diliturate, 90.7 mg heated at 300°/h; E 
Ammonium diliturate, 131.2 mg heated at 300°/h. 


Ammonium diliturate. Anhydrous ammonium diliturate was stable to 160°. A fast 


decomposition took place up to 350° followed by a decomposition with a S-shape 
curve terminating at 570° where no residue remained. 


Rubidium diliturate. The decomposition of rubidium diliturate was similar to tha 


of potassium diliturate? with the exception that the anhydrous form was stable t 
300° and that RbO was formed at 925°. 


The thermal decomposition curves of iron(II), cobalt(II), and copper diliturates at 
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iven in Fig. 2, while those for nickel, zinc and cadmium diliturates are given in Fig.,3. 

Iron(II) diliturate. Iron(I1) diliturate formed an hexahydrate stable to 80°. A one- 
tep dehydration followed terminating at 200°. The anhydrous compound whichre- 
ulted was stable to 230°. An explosive decomposition followed to 270° with an 
nflection point at 350° corresponding to the molecular weight of FeCOs. The final 
table residue having the molecular weight of FeO was obtained at 520°. 


100; 


Percentage weight remaining 


200 400 600 
Temperature °C 


ig. 2. Thermal decomposition curves. A, Cobalt(II) diliturate, 335.7 mg}heated at 300°/h: B, 
opper diliturate, 323.1 mg heated at 300°/h; C, Iron(II) diliturate, 273.1 mg heated at 300°/h. 


Percentage weight remaining 


a 
200 400 600 
Temperature °C 


é Ae : am om: B 
ig. 3. Thermal decomposition curves. A, Cadmium diliturate, 40.5 mg heated at 150°/h; B, 
Nickel diliturate, 185.6 mg heated at 150°/h; C, Zinc diliturate, 282.6 mg heated at 65°/h. 


Cobalt(II) diliturate. Cobalt(II) diliturate formed an hexahydrate stable to go”. 
one-step dehydration followed terminating at 200°. The anhydrous compound was 
able to 230°. An explosion, milder than in the case of iron(II) diliturate, took place 

330° followed by a decomposition with a S-shaped curve giving a residue with a 
olecular weight corresponding to CoO at 480°. No inflection appeared for an ap- 
arent molecular weight corresponding to CoCOs. 
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Nickel diliturate. Nickel diliturate formed also an hexahydrate stable to 100°. De- 
hydration took place between 100° and 175° with the resulting anhydrous compound 
being stable to 240°. A rapid one-step decomposition followed to 400° giving a residue, 
the molecular weight of which corresponded to Ni0. ‘ 
Copper diliturate. Copper diliturate octahydrate when decomposed at the rate of 
heating of 300°/h (Fig. 2) was stable to go* but neither the dihydrate nor the anhydrous 
forms had any degree of stability. They appeared only as inflection points at 180% 
and 240° respectively. A very fast decomposition, with explosion, followed to 290°, 
continued with a slow decomposition until 480° where a stable residue with a molecu- 
lar weight corresponding to that of CuO remained. When the rate of heating of 
65°/h was used instead of 300°/h (Fig. 4) the dehydration of the octahydrate began: 
at 70°, with the intermediate dihydrate being stable between 115° and 150°, and the 
anhydrous compound being stable between 180° and 190°. ¥ 


100; 
60 


20 


Percentage weight remaining 


200 400 600 
Temperature °C 


Fig. 4. Thermal decomposition curves. A, Zinc diliturate, 506.7 mg heated at 300°/h; B, Coppi 
diliturate, 348.7 mg heated at 65°/h. | 


Zinc diliturate. Zinc diliturate hexahydrate when decomposed at the rate of 300°/hi 
was stable to 120°. A one-step dehydration followed to 190°. The carbon and hydrogen 
analysis of the hydrated zinc diliturate seemed to indicate an octahydrate. This cam 
be due to the different modes of drying prior to analysis or thermolysis. The anhydro 
compound was stable to 250°. This was followed by a violent explosion at 290% 
in which some of the sample was ejected from the crucible, continued by a decompo 
sition with a S-shaped curve giving a stable residue at 640°. When a rate of heatif 
of 65°/h was used (Fig. 3) the hexahydrate was stable only to 85°, and the anhydrous 
compound was stable from 150° to 200°. The decomposition of the anhydrous come 
pound was slow leaving at 550° a stable residue with a molecular weight correspond i 
to ZnO. 

C admium diliturate. Cadmium diliturate octahydrate was not very stable. An init 
partial dehydration took place between 65° and 110°. The tetrahydrate formed 
stable to 120°. A second dehydration followed giving anhydrous cadmium diliturate 
stable from 160° to 215°. The decomposition which followed was very slow and gra 1 


ual, leaving a stable residue at 650° with a molecular weight corresponding to Cé 
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MAGNETIC SUSCEPTIBILITY 


Two different determinations of the molar paramagnetism of cobalt(II) diliturate 
exahydrate gave values of yw = 7.5: 10-8 and 1.02: 10-2 corresponding to Mert Of 4.3 
and 4.9 respectively. Cobalt(II) diliturate dehydrated at 192° had a yu = 5.9: 10-3 
oT Mere = 3.8 and finally a residue from the decomposition of cobalt(II) diliturate at 
og with an apparent molecular weight of 367 had a yar of 7.6-10-3 or pert = 4.3. 
ron(II) diliturate hexahydrate was found to have yr = 1.03-10-2 or pers = 5.0. 
A ett = 4.9 corresponds to four unpaired electrons while err = 3.9 corresponds to 
-hree. The values for the effective magnetic moment obtained for cobalt(II) diliturate 
and its various decomposition products correspond to approximately three unpaired 
electrons while the value obtained for iron(II) diliturate corresponds to four. Cobalt(IT) 
nas three unpaired electrons in the ionic state (seven electrons in the 3d orbital) while 
ron(II) has four unpaired electrons (six electrons in the 3d orbital). When these 
lectrons are not paired, as is the case for the above compounds, due to the large 
Dive paramagnetism, then there are no 3d orbitals for bond formation (covalent) 
and the compounds have to be “essentially ionic’’!1. The water molecules do not 
prevent the formation of chelates since the number of unpaired electrons remains the 
same for the anhydrous form. The various metal diliturates are true salts. 


SUMMARY 


The thermolysis curves of the transition metal diliturates as well as those of copper, zinc, cadmium, 
ammonium and rubidium have been determined. These diliturates with the exception of ammonium 
and rubidium diliturates form hydrates. The oxides of the corresponding metals are obtained at 
-elatively low temperatures. Magnetic susceptibility measurements show that these compounds 
re ‘‘essentially ionic’”’ salts. 


RESUME 


Les auteurs ont effectué une étude thermogravimétrique de quelques sels minéraux de l’acide dilitu- 
-ique. Les oxydes correspondants se forment a de relativement basses températures. Des mesures 
Je susceptibilité magnétique ont également été effectuées. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung tiber die thermische Zersetzung einiger anorganischer Salze der 
Dilitursaure (Cu, Zn, Cd, NHa, Rb). Die Oxydbildung tritt bei relativ niederen Temperaturen ein. 
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Although sensitive colorimetric procedures exist for the determination of amino-- 
phenols and aminobenzoic acids, difficulties generally arise when applied directly to) 
biological materials, ¢.g. urine. Some preliminary form of separation is often a ne=: 
cessity, not only as an aid to concentration but to eliminate interfering substances 
and the cation-exchange resin (Dowex 50X12) has been used for this purpose?. 
The present paper is concerned with the use of an anion exchange resin (Dowex 
1X10) for a similar purpose. Although there have been reports?-4 concerning its: 
use in some specialised cases, there is little information with regard to its reaction | 
towards the vast number of organic substances that can occur in some biological 
materials. 


EXPERIMENTAL 

Preparation of the column 
The resin, Dowex 1X10 (200/400 mesh) was contained in a glass tube fitted with 
a sintered glass base (Quickfit and Quartz Ltd). The weight of resin used was about 
30 g and the dimensions of the operational columns were: height 140 mm, diameter 
15 mm. 
To ensure that the resin was in the chloride form, before use it was washed with 
N hydrochloric acid and then with water until the pu of the eluate was above 3.0. 


Operation of the column 


The substances under examination were contained in 100 ml of N hydrochloric acid 
because some biological samples may require a preliminary hydrolysis and this is 
achieved by heating the acidified sample. Before transferring to the column, the pH 
of the solution was adjusted to 7.0 by the addition of alkali. The column was ther 
washed with roo-ml quantities of water. Elutions were then carried out with 100-11 
quantities of V, 5 N and 8 N hydrochloric acid in turn. 


Examination of eluates 


pet ines in eluates was made by colorimetric, fluorimetric or U.V. spectro 
photometric methods. The following colorimetric methods were employed in the 
assessment of substances referred to in Tables II and III: | 
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(z) o- and p-aminobenzoic and -aminohippuric acids, sulphanilic acid and sul- 
hanilamide: diazotisation with nitrous acid followed by coupling with N -(1-naphthyl)- 
thylenediamine dihydrochloride?5. 6, 

(2) p-aminophenol: indophenol pigment formation in the presence of o-cresol and 
mmonia?. 

(3) 3-hydroxyanthranilic acid: indophenol pigment formation in the presence of 
,6-dichloroquinone chlorimide? or molybdenum blue formation’. 

(4) 9-aminophenol: indophenol pigment formation in the presence of 2,6 dichloro- 
uinone chlorimide’? or molybdenum blue formation®. 
_ (5) nicotinic acid with cyanogen bromide and f-aminoacetophenone’. 


RESULTS 


ubstances representative of the wide variety that may be encountered in biological 
naterials were transferred to the column in quantities of 1, 2, 5 and ro mg and the 
esults obtained are summarised in Table I. 


TABLE I 


HE BEHAVIOUR OF SOME SUBSTANCES WHEN PASSED THROUGH A COLUMN CONTAINING DOWEX I XIO 


t) Substances not retained 

Glutamic acid, aspartic acid, asparagine, cystine, taurine, betaine, trigonelline, methionine, 
ydroxyproline, citrulline, creatinine, «- and f-alanines, creatine, glycine, 3,4-dihydroxyphenyl- 
lanine. 


2) Substances partially vetained and removed by washing with water 

Nicotinamide, kynurenine, 3-hydroxykynurenine, tyrosine, adrenaline, nor-adrenaline, 3-hy- 
roxytyramine, 5-hydroxytryptamine, Ni-methylnicotinamide, morphine, codeine, strychnine, 
uinidine. 


) Substances retained and not removed by water; eluted by N hydrochloric acid 
iicotinic acid, o- and p-aminobenzoic acids, p-aminohippuric acid, sulphanilic acid, sulphanil- 
mide, o- and p-aminophenols, 3-hydroxyanthranilic acid. Uric acid, phosphate, sulphate. 


) Substances retained and not removed by water or N hydrochloric acid; eluted by 5 N hydrochloric 
1d 
Kynurenic acid. 


) Substances vetained and not removed by water; not eluted by N, 5 N or 8 N hydrochloric acid 
Indoleacetic acid, 5-hydroxyindoleacetic acid, caffeic acid, gentisic acid, gallic acid, ferulic acid, 
nillic acid, salicylic acid, hippuric acid, xanthurenic acid, barbituric acid. 3,4-dihydroxybenzoic 
id, o- and p-hydroxycinnamic acids. Phenol, catechol, resorcinol, pyrogallol, vanillin, thymol, 
hloroglucinol, hydroquinone, o-, m- and p-cresols, «- and f-naphthols. 


Amino acids showed no evidence of retention whereas phenols and phenolic acids 
vere retained and could not be eluted by hydrochloric acid as concentrated as 8 N. 
_A large group of substances showed evidence of a variable degree of retention by 
he resin but could be removed by water alone. With the exception of the alkaloids 
— strychnine, brucine, codeine and quinidine — 200 ml of water was found to be 
ufficient to remove such retained substances from the column. In the case of the 
Ikaloids, complete removal from the column required a much greater volume of 


rater. 
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The remaining group, 7.¢. aminophenols, 3-hydroxyanthranilic acid, aminobenz: 
acids, nicotinic acid, sulphanilic acid and sulphanilamide, were completely retair 
by the column and were not removed by water. These substances could be complet 
eluted by dilute mineral acid, e.g. N hydrochloric acid. 


TABLE II 
THE RECOVERY OF SOME ORGANIC SUBSTANCES 


(applied to a column of Dowex 1 X10 (30 g) ina solution of 100 ml of N hydrochloric acid, the } 
being adjusted to 7 by the addition of alkali. Elution with 200 ml of N hydrochloric acid 


Recovery 
uantities (in 200 ml of N 
Substance : mg hydrochloric acid eluate) 
o/ 
o-aminobenzoic acid 0.5 I.0 2.0 84.5-90.6 
p-aminobenzoic acid 0.5 1.0 2.0 86.2—91.6 
p-aminohippuric acid 0.5 I.0 2.0 91.6-95.2 
o-aminophenol 0.5 1.0 2.0 81.2-86.4 
p-aminophenol 0.5 1.0 2.0 82.8-86.2 
3-hydroxyanthranilic acid 0.5 1.0 2.0 86.0—-89.8 
nicotinic acid 0.5 1.0 2.0 83.2-90.2 
sulphanilic acid O. Fak Or2:0) 86.2-94.6 
sulphanilamide O75 el O92,0 87.2-95.8 


TABLE Til 
THE RECOVERY OF SOME ORGANIC SUBSTANCES 


(applied toa column of Dowex 1Xro (30 g) in 100 ml of urine +10 ml of 10 N hydrochloric aci 
the pH being adjusted to 7 by the addition of alkali. Elution with 200 ml of N hydrochloric aci 


C Recovery 
uantities (in 200 ml of N 
Substapic mg hydrochloric aol eluate) 
o/ 
Ao) 
o-aminobenzoic acid 0.5% 83.8 81.8 86.2 
1.08 87.2 90.6 89.2 
2.08 QI.2 95.6 93.2 
p-aminobenzoic acid 0.5% 88.8 86.2 89.1 
I.08 84.2 83.8 90.2 
2.0% 90.8 90.6 96.2 
; 
p-aminohippuric acid 0.54 91.2 89.8 88.6 
1.08 88.8 91.2 89.2 
2.08 98.2 96.3 94.2 ‘ 
o-aminophenol 0.58 76.3 79.6 80.2 
1.08 79.6 83.2 84.6 
2.08 81.2 83.6 82.2 
p-aminophenol 0.52 81.6 83.3 82.6 
1.08 83.6 81.6 82.8 
2.08 81.6 82.3 83.8 
3-hydroxyanthranilic acid 0.58 79.2 77.6 80.6 
1.08 81.2 80.6 80.3 
2.0% 83.8 84.2 82.6 
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TABLE III (continued) 


a. Recovery 

ISeestanae Quantities (in 200 ml of N 

mg hydrochloric acid eluate) 
% 

nicotinic acid 0.58 89.3 90.2 89.6 

T.08 87.3 85.8 86.3 

2.04 88.6 89.8 85.3 

sulphanilic acid 0.5% 95-6 94.2 98.6 

T.08 97:2 96.8 94.2 

2.04 94.6 98.6 97.2 

sulphanilamide 0.54 92.3 94.6 98.6 

E.09 96.2 95.3 94.6 

2.08 98.6 92.6 91.8 

o-aminobenzoic acid 0.5» 89.8 93.6 94.2 

T.0P 98.6 94.6 92.6 

2.0? 93-2 94.6 93.8 

p-aminobenzoic acid 0.5? 94.6 95.2 93.8 

T.ob 94.8 96.2 97.2 

2.0» 96.8 98.2 98.6 

p-aminohippuric acid 0.5» 94.8 95.2 97.2 

T.oP 96.8 95.2 94.2 

2.0» 96.8 94.3 97.2 

o-aminophenol 0.5» Ae) aheksy VAS 

I.0> 81.3 83.8 84.6 

2.0? 82.6 83.6 81.3 

p-aminophenol 0.5» 79.6 77.8 81.1 

I.0P 83.2 81.6 87.2 

2.00 86.2 79.2 79.8 

3-hydroxyanthranilic acid 0.5? 79.3 81.3 80.6 

1.0» 79.8 83.8 84.6 

2.0? 83.2 84.6 81.0 

o-aminophenol 0.5° FO.3 7o.OM ire yr 

I.0¢ 81.6 79.2 83.6 

2.0% 80.2 83.6 81.2 

p-aminophenol 0.5° SE e777. aol.2 

T.0¢ 79.2 79.3 80.2 

250° 80.8 79.3 81.2 

3-hydroxyanthranilic acid 0.54 7O33) 770 70-2 

7.0% 81.3 78.4 76.2 

2.04 82.6 83.8 78.3 


No additional treatment 

[he mixture containing the substance in roo ml of urine +10 ml of 10 N hydrochloric acid was 
laced in a boiling water bath for 1 h previous to neutralisation and application to the column. 
Previous to quantitative determination, the aminophenols were extracted with ether from the 
NV hydrochloric acid eluate after the adjustment of the pH to 7 by the addition of solid sodium 
yicarbonate!. 

Previous to quantitative determination, 3-hydroxyanthranilic acid was extracted with ether from 
he N hydrochloric acid eluate after the adjustment of the px to 3 by the addition of a saturated 
olution of sodium acetate. 
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The quantitative recovery of o- and p-aminobenzoic, p-aminohippuric, sulphanili| 
3-hydroxyanthranilic and nicotinic acids, o- and p-aminophenols and sulphanilamic 
was examined. Such were applied to the column in 100 ml of N hydrochloric acer 
after adjustment to pH 7.0 by the addition of alkali. The column was then washe 
with 200 ml of water which generally proved sufficient to remove loosely retaine 
substances such as kynurenine. Elution was carried out with N hydrochloric acic 
A volume of 200 ml proved to be sufficient in every case and the results shown i 
Table II indicate that recoveries were quantitative. : 

The above experiments were repeated, the substances being applied to the colum 
in 100 ml of urine. Before application, 10 ml of 10 N hydrochloric acid were adde 
and the pH adjusted to 7.0 by the addition of alkali. The results shown in Table III 
indicate that recoveries were quantitative. 

In the case of the aminobenzoic acids and the aminophenols, the mixture of urir 
and hydrochloric acid was heated in a boiling water bath for r h, prior to the colum 
technique. This ensures the hydrolysis of all urinary conjugates with the exception ¢ 
those containing glycine or glutamine. The results shown in Table IIIb indicate tha 
recoveries were quantitative. 

The results shown in Table IIIc and IIId indicate that the aminophenols ani 
3-hydroxyanthranilic acid can be separated from the acid eluates with ether afte 
adjustment to pH 7 (with sodium bicarbonate), and pH 3 (with sodium acetate 
respectively!. The eluates were not concentrated before this treatment. 


DISCUSSION 


In earlier experiments columns containing only 3 g of anion (Dowex 1X10) exchang 
resin were used. Since it was intended to apply the experimental findings to the exami 
nation of urine in 100-ml quantities, a column containing about 30 g of resin we 
adopted. This has proved more than adequate to cope quantitatively with the wid 
range and variety of substances likely to be present in this volume of urine. X 

Although the anion (Dowex 1X10) and cation (Dowex 50X12) exchange resir 
appear to achieve the same purpose, there are some distinct differences which at 
advantageous when biological materials are under examination. , 


than 1, for example, kynurenine requires 5 N hydrochloric acid, to effect elutior 


Since many of the commoner ‘basic’ substances, é.g. urea, amino acids, are not fé 
tained under such conditions, the capacity of the column is not overtaxed by the us 
of this large volume of urine. ro ml of urine diluted to 100 ml with water (+1 mig 
10 N hydrochloric acid) is applied to the column when examination is made of thos 
substances requiring hydrochloric acid of a normality of x or less to effect elutior 
The capacity of a column of this size has never been found to be overtaxed when th 
quantity of urine used has been limited to this volume. A column of large size cot 
be used and a larger volume of urine applied but the advantage is negatived b 
larger volume of eluant which requires concentration. | 
After the application of 100 ml of urine to the anion exchange resin, 3-hydroy 
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nthranilic acid and aminophenols may be recovered in 200 ml of N hydrochloric acid 
luate. Such represents a relatively slight dilution and the above substances can be 
scovered by ether extraction (at pH 3 and 7 respectively), concentration of the aque- 
us phase not being necessary. Eluates obtained from the cation exchange resin are 
1uch more dilute and some concentration is necessary before ether extraction is 
ttempted. 

The use of the anion exchange resin allows of a speedier separation of these substan- 
ss from a crude material such as urine. Some o-hydroxyamines, e.g. 3-hydroxy- 
nthranilic acid, have been shown to be carcinogenic in the free but not in the con- 
igated form. Since urine is applied to the anion exchange resin at a neutral reaction 
nd elution is speedier, the separation of these two forms is achieved with less risk 
f hydrolysis of the conjugated form. 

The anion exchange resin offers similar advantages to the determination of the 
minobenzoic acids in urine. Elution is speedier and eluates are sufficiently concen- 
cated to allow direct determination. 

Sulphonamides, if present, would be included but these are not normal constituents 
f urine. Aminohippuric acids are included but these are minor constituents. Actually 
more effective separation of these substances can be achieved by means of the cation 
xchange resin. 

The resolution of the eluate obtained from the anion exchange resin upon the cation 
xchange resin may be an advantage in many cases. 

The separation of alkaloids from acidic radicles by means of the anion exchange 
sin does not appear to be a practical proposition due to retention problems. Nicotin- 
ide and nicotinic acid may be separated if required. The separation of morphine 
om p-aminophenol, a metabolite of phenacetin, appears to be a practical proposition. 
his would be of value in toxicological analysis since p-aminophenol can seriously 
terfere with the detection and determination of morphine, and there are relatively 
w methods for their separation. 


SUMMARY 


anion exchange resin (Dowex 1X10) has been studied for the purpose of separating amino- 
nzoic acids, aminophenols, sulphanilamide and nicotinic acid, preparatory to their determination 
colorimetric methods. 


RESUME 


résine Dowex 1X10 a été examinée en vue de la séparation des acides aminobenzoiques, 
inophénols, sulfanilamide et acide nicotinique dans des substances biologiques. 


ZUSAMMENFASSUNG 


tersuchung iiber die Eignung eines Jonenaustauschers zur Trennung von Aminobenzoesduren, 
inophenole, Sulfanilamid und Nikotinsaure. 
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CHROMATOGRAPHIC SEPARATION OF IONS IN PRESENCE 
OF OXALATE, TARTRATE AND CITRATE, WITH 
AQUEOUS ETHANOL AS SOLVENT 


PARTI 
ERIC JOHN SINGH anp ARUN K. DEY 
Chemical Laboratories, University of Allahabad (India) 
(Received September 22nd, 1960) 


It is well known that complex formation plays an important role in the separation 
of ions in chromatography. Various workers, including BurstTALt e¢ al.4 and LEDEREF 
AND LEDERER2, have studied the separation of inorganic ions by paper chromatog: 
raphy using different solvent mixtures with complexing agents. In previous publi: 
cations3.4 we have reported studies on the separation of various metal ions in tha 
presence of varying concentrations of complexing agents, with aqueous alcohols as 
solvent. In this paper we have extended the work to cover the separation of mixtur 
of 3, 4 or 5 ions and have employed complex formation with oxalate, tartrate ar 
citrate for the separation of ions by ascending filter paper strip chromatography 
with aqueous ethanol as solvent. 


EXPERIMENTAL 


Standard solutions of silver nitrate, lead nitrate, mercurous nitrate, copper nitrate 
mercuric nitrate, bismuth nitrate, cadmium nitrate, cobalt nitrate, tin chlorid 
antimony chloride, arsenic chloride, potassium oxalate, sodium citrate and sodium 
tartrate were prepared from reagent grade chemicals. The method adopted was the 
strip filter paper chromatographic technique, as described by GAGE, DouGLass ANE 
WeEnDeER’. Various concentrations of aqueous ethanol were tried and it was found th 
60% ethanol was suitable as solvent. A series of mixtures containing equal concel: 
trations of metal solutions with varying proportions of the complexing agent we 
prepared, keeping the total volume constant. The ratio of the total molar concentratior 
of the metals to the concentration of the complexing agent added has been express : 
as the metal: complexing agent ratio (equivalents of the complexing agent). The mix 
tures were spotted on Whatman filter paper No. r strips. The chromatograms wel 
run at a constant temperature in a room maintained at 27°, the time allowed bei 
go min. In mixtures of 3, 4 and 5 ions, the final concentration of each of the me 
lons was 0.033 M, 0.025 M and o.or M respectively. Mixtures of various metal it 
were investigated. The results obtained are summarised in the Table I. 

When complexing agents were added, distinct separation zones were obtait 
Whereas in the absence of complexants the zones were not well-defined. The resv 
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TABLE I 
System investigated Complexing agents added 
| Ne. (Sequence of separation (equiv. up to which separation is possible) Sequence of separation 
| without adding complexing (complexing agents added) 
agents) Oxalate Tartrate Citrate 
t Pb(II)—Ag(I)—Hg(I) 0.95 0.95 0.70 Pb(II)—Ag(I)—Hg(1) 
2 Cd(Il)—Hg(II)—Pb(II1) 0.32 0.32 0.32 Cd (II) —Hg(II) —Pb(II) 
3 Cd(II)—Cu(II) -Pb(I1) 0.35 0.35 0.48  Cd(II)—Cu(II)-Pb(II) 
4 Cd(II)-Cu(II) —Hg(II) 0.32 0.48 0.48  Cd(II)—Cu(II)—Hg(I1) 
ae £52 0.8-1.3 Cu(II)—Hg(II)—Ca(I1) 
5 Cu(II)—Hg(Il)—Pb(II) 0.95 0.97 0.97 Cu(II) —Hg (II) —Pb(II) 
6 Cd(II)—Cu(II) -Bi(II1) 0.35 0.38 0.38  Cd(II)—Cu(II)—Bi(III) 
7 Cd(II)—Pb(II) —Bi(III) 0.32 0.32 0.32. Cd(II)—Pb(II) —Bi(III) 
8 Cd(II)—Cu(IT) -Hg(II) 0.26 0.24 0.24 Cd(II)—Cu(II) -—Hg(II) 
—Pb(II) —Pb(II) 
g Co(II)—Cd(IT)-Cu(II) 0.50 0.30 0.30 Co(II) —Cd(II) —Cu(II) 
—Hg(I1) —Pb(I1) . —Hg(II) —Pb(I1) 
ro Sn(II)—Sb(ITTI) —As(III) a tie 0.64 Sn(II)—Sb(III)—As(III) 
0.64—0.96 0.16—-0.64 — Sn(II)—As(IIT)—Sb(III) 


—_— 


uggest that the complexing property of the ions may be useful in the qualitative 
eparation of these ions from their mixtures. With higher concentrations of the com- 
lexing agent than those mentioned, separation is not possible under the experimental 
onditions. The complexing agent was added to the solution of the metals and not 
o the solvent as was usually done by previous workers. 


SUMMARY 


“he paper chromatographic separation of Ag, Hg, Pb, Bi, Cu, Cd, Co, As(III), Sb(III) and Sn(II) 
n mixtures of 3, 4or5 of these ions has been studied in the absence and presence of oxalate, 
itrate and tartrate with aqueous ethanol as solvent. 


RESUME 
es auteurs ont effectué une étude sur la séparation chromatographique des cations suivants: 


\g, Hg, Pb, Bi, Cu, Cd, Co, As(III), Sb(II1) et Sn(II). Ils ont examiné également |’influence de réactifs 
omplexants (oxalate, citrate et tartrate). 


ZUSAMMENFASSUNG 


3eschreibung einer Untersuchung iiber die Trennung von Ag, Hg, Pb, Bi, Cu, Cd, Co, As(II1), 
$b(III) und Sn(II) durch Papierchromatographie sowie iiber den Einfluss von Komplexbildnern 
uf die Trennung. 
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QUANTITATIVE CHROMATOGRAPHIC ANALYSIS 
USING RECTIFIED RADIO-FREQUENCY METHODS 


I. LITHIUM, SODIUM AND POTASSIUM 
J. A. BROOMHEAD* anp N. A. GIBSON 
Chemistry School, University of Sydney (Australia) 
(Received November 7th, 1960) 


INTRODUCTION 


A series of papers by BLAKE has appeared in this journal in recent years in which 
a rectified radio-frequency apparatus is described for the detection of spots of 
electrolyte on chromatography paper. Using this apparatus, which he called “G. Gui 
Blake’s Rectified Radio-Frequency Chromatograph Zone Localizer”’, and which willl 
be referred to henceforth as the ‘‘zone detector’’, he showed that if the galvanometer 
response be plotted (on the y-axis) against the distance along the paper strip (on the 
x-axis), then the area under the resultant curve (which he called the “R.Rf. solut 
distribution/current graph”’ and which will be referred to as the “detector curve” im 
this paper) was independent of the shape or area of the spot of electrolyte, but bore 
a quantitative relationship to the mass of electrolyte. This observation led the 
present authors to investigate the feasibility of using BLAKE’s apparatus for the 
quantitative determination of spots of ions which had actually been separated by 
paper chromatography. As the ion spot was in no way changed by the apparatus 
the method offered obvious advantages where the separated ions were required fe 
recovery and/or further investigation. 


EXPERIMENTAL 


Preliminary investigation of several different groups of metal ions showed that whet 
a non-conducting organic solvent mixture was used to develop the chromatogram 
a detector curve was obtained in which the background was low and uniform, so tha 
the area of the detector curve corresponding to each ion spot could be determine 
satisfactorily. On the other hand, when the chromatogram was developed by a solvet 
mixture containing a conducting compound such as hydrochloric or acetic acid, 
detector curve was obtained in which the ion spot curves were superimposed on hig 
and variable backgrounds. Despite all efforts to eliminate this background by heatin 
the developed paper chromatograph in an electric oven or by infra-red lamp, it co 
not be appreciably reduced, and it was concluded that it was due to a change in th 
paper itself. Accordingly, it was decided to concentrate further work on the alka 
chlorides, which could be separated by non-conducting solvent mixtures. 


* Present address: 


Ciao eee ohn Curtin School of Medical Research, Australian National Universiti 
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Although several different developing mixtures have been described for the chro- 
natographic separation of the alkali chlorides2»3, none of these was found to give 
omplete separation, and a new mixture was developed for this purpose. This mixture, 
, : 7 (by volume) 2-ethyl hexanol/methanol, gave satisfactory separation of lithium, 
odium and potassium chlorides, and was used in all further work. The Ry values for 
hese ions were: Lit = 0.65 + 0.04; Nat = 0.21 + 0.03; K+ = 0.06 + 0.03. 

Initial quantitative measurements on chromatographs confirmed that the areas 
inder the detector curve for a series of ion spots were proportional to the masses of 
he respective ions when measured at the same time. However, the same quantity 
f, say, sodium chloride, gave different detector curve areas on different days, and 

was readily established that this variation was dependant on the relative humidity 
f the atmosphere (Fig. 1). It was therefore clear that although the ‘‘zone detector” 
as very suitable for the determination of the position and limits of chromatograph 
pots, it could not by itself be used for their quantitative measurement unless ambient 
lumidity were strictly controlled. As this condition was not a practicable one, it 
vas decided to detect and measure the chromatograph spots in two separate steps. 


Si 
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tig. 1. Dependence of detector curve seer ee een oo 
rea on relative humidity of atmos- fines eee 
yhere. Curves a, b, c: NaCl; 1.09, 0.55, : ’ ; 

.1r1 mg of Nat. Curves d, e, f: KCl; Fig. 2. Typical zone detector curve of mixed potas 


1.09, 0.55, 0.11 mg of K+. sium, sodium and lithium chlorides. 


The position of the ion bands were first determined with the zone detector4, a 
ypical curve thus found being shown (Fig. 2). The bands were then cut out and 
xtracted with a known quantity of distilled water. The impedances of the resulting 
olutions were measured in a conductimetric tube4»*, at constant temperature and 
he mass of the ion found from a calibration curve of Solution impedance/Ion con- 
entration for that particular ion (Fig. 3). 

The determination of the quantity of alkali metalions by this method was convenient, 
ince the apparatus of the zone detector could be used merely by substituting a 
lifferent electrode system. It should be noted, however, that the zone detector placed 
0 constraint at all on the method of determination of the quantity of ions in the 
ones it detected. Thus spots of easily hydrolysed ions could be first located by the 
one detector, then extracted with dilute acid and determined, say, colorimetrically 
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or by chelometric titration. It would moreover appear that the earlier difficulty j 
encountered, i.e. the high and variable background of the detector curve obtain dc 
when the chromatogram was developed with a solution containing hydrochloric on 
acetic acid, should be overcome by the separation of detection and measurement of 
the ion spots into two independent steps, unless the quantity of ion in a spot wer 
too small for identification against the background. ; 
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Fig. 3. Calibration curves of solution impedance at 20° plotted against ion concentration. Curve a: 
Lit in 85 ml; curve b: Nat in 25 ml; curve c: K+ in 20 ml. 
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Materials 


Sodium chloride: 1.74 M solution (contained 40-mg Nat per ml). A.R. NaCl was 
dried and the calculated mass weighed out and dissolved. 
Potassium chloride: 1.023 M solution (contained 40 mg K+ per ml). A.R. KCl was 
dried and the calculated mass weighed out and dissolved. 
Lithium chloride: The lithium chloride was weighed as the monohydrate, dissolve¢ 


and standardised against standard silver nitrate. It was found to be 5.595 M, i.e 
38.8 mg of Li+ per ml. 


Twice-distilled water was used in all cases. 
Chromatography paper: Whatman No. 3 chromatography paper gave the bes 
separation. The strips were 5 cm wide and slightly more than 50 cm long. Where les 
than 1 mg of metal ion was present, strips 2.5 cm wide proved satisfactory. 


Developing solvent: This was a 3 : 7 (by volume) mixture of 2-ethyl-hexanol ant 
methanol, and was used without special purification. 


The galvanometer used with the zone locator and conductimetric tube was a P 


“Scalamp” galvanometer of sensitivity 177 mm/wA. The results in Table I wer 
obtained using a sensitivity setting of X 0.01, (v.e. 1.77 mm/wA). 


PROCEDURE 


The metal chloride solutions were placed on a pencil line about 3 cm from one en 
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f each strip of paper and dried. The small volumes required were obtained by using 
alibrated capillary tubes whose volumes covered the range 8 to 55 ul. For each vol- 
me, sixteen chromatograms were prepared, consisting of four of the mixed alkali 
hlorides and four each of the individual alkali chlorides to provide the standards for the 
alibration curves. The samples were then chromatographed by upward development 
or 24 h in large glass tanks. Care was taken to prevent the papers from touching 
yhilst in the tank and afterwards while drying. 


LABIE oI 


(Each result is the mean of four to six separate chromatograms) 


Vol. of Mean galv. Max. 


Mixture : sit mg Lit {+ 
Be Sa saad 0 ei EI gl au EMME AIREON. | Prac ts Fund 2000 
1s I 85 13.02 0.08 2.03 202 — iI 
2 85 10.18 0.12 1.52 1.52 <a 
3 85 T7585 0.25 1.20 1.20 <r 
4 85 6.36 0.04 0.84 0.86 + 2 
5 85 5.05 0.05 0.67 0.68 + 1 
6 85 2.05 0.20 0.30 0.30 <r 
7 85 Tae, 0.02 0.21 0.21 <n 
Nat i 25 2:70 0.05 1.83 1.80 — 2 
2 2 11.63 0.15 1.57 1.57 <a 5 
3 25 9.13 0.18 DoS. 1.14 + 1 
4 25 7.43 0.20 0.87 0.88 + I 
5 25 6.19 0.10 0.69 0.71 + 3 
6 25 3.03 0.30 0.31 0.34 +10 
i 25 2.08 0.38 0.22 0.23 + 5 
Kt I 20 12.89 0.04 2.19 2.19 ace aT 
2 20 10.08 0.20 1.57 1.60 + 2 
3 20 7.40 0.20 1.13 1.09 — 4 
4 20 6.06 0.16 0.87 0.87 <n 
5 20 AT 0.22 0.69 0.68 + 2 
6 20 23 0.17 0.31 0.32 + 3 
ty 20 1.14 0.11 0.22 0.20 —1I0 


The chromatograms were dried thoroughly to remove the developing solvent, as 
aces of solvent caused irregularities in the detector curve and errors in the impedance 
easurements. The dried chromatograms were next conditioned for an hour in a tank 
about go% relative humidity, to increase the effective sensitivity of the zone de- 
ctor. After the separated ion zones were located by the zone detector, they were cut 
t with scissors, cut into smaller pieces and placed in dry 100-ml conical flasks. The 
quisite amount of distilled water was then pipetted in; this amount varied for each 
the alkali metals, but was initially found by experiment so that the galvanometer 
adings were on the scale. It is recommended that the volume be not less than 
ml. 

The flasks were then well shaken and placed in the constant temperature bath 
o + 0.3°), as the solution impedance varied measurably with temperature. When 
ey had reached the temperature of the bath, they were quickly removed and the 
ypedances of the solutions measured with the conductimetric tube, the galvanometer 
ving been first set to zero for distilled water. The mass of metal ion present was 
en read from a calibration curve prepared in a similar manner. 
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The results of analysis of the alkali chloride mixtures are given in Table I, and the 
calibration curves in Fig. 3. 
The upper limit of the range of the method was found to be approximately 2 mg 
of M+; larger quantities could not be completely separated on the strips of chromato: 
graphic paper used. The lower limit of the range was set by the limit of detection of 
the zone detector; this was found to be 10 wg for K+ and 200 ug for Lit and Na*) 
the difference being due to the fact that the K+ zone was much less spread out than 
the others. Within these limits the accuracy of the method may be given as 
Lit, o.2-2 mg with an accuracy of 1% 
Nat, 0.7-2 mg with an accuracy of 1% 
K+, 0.7-2 mg with an accuracy of 2%. 


The accuracy is greatest for Lit as the impedance measurements depend on the ionic 
strength of the solution, which will naturally be the greatest for Li for a given number 
of mg. B: 

Throughout the work, the solvent front was allowed to travel about 48 cm; it was 
found that a solvent front movement of 42 cm was necessary to effect complete 
separation. H: 

Semi-quantitative estimation of wg quantities of the metals could be achieved by 
running simultaneous reference chromatograms of mg quantities, then cutting o 1b 
portions of the test chromatograph corresponding to the zones detected on the ref: 
erence chromatograph. The impedance of the aqueous extract was measured as usu 
but with the galvanometer on a five times more sensitive setting. Errors were natural 
ly large, being of the order Nat, 10%; Lit, 20%; Kt, 30%. 
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SUMMARY 


The BLakeE Zone Detector has been shown to be a very useful apparatus for the location of ion! 
zones separated by paper chromatography. In the case of the alkali metals, these zones can be 
estimated by measuring the impedance of their aqueous extract. An alternative method, that 
measuring the area under the detector curve, does not provide a practical means of quantitati 
measurement. A new developing solvent is described for the paper chromatographic separation Of 
lithium, sodium and potassium chlorides. 


RESUME 


Les auteurs ont é6tudié la séparation chromatographique sur papier des métaux alcalins (LiCh 
NaCl et KCl), en utilisant avec succés l’appareil de BLAKE pour la localisation des zones. 


ZUSAMMENFASSUNG 


Beschreibung einer papierchromatographischen Trennung der Alkalimetalle unter Verwendur 
des Apparates nach BLAKE zur Lokalisierung der Zonen. 
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ABSORPTION SPECTROSCOPY 
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(Received October 24th, 1960) 


“he determination of lead in gasoline is one which is carried out with great frequency 
yy the petroleum refining industry. The lead content of a gasoline hasa very important 
nodifying effect upon the octane value of that gasoline. There is, therefore, no ne- 
essity to point out the importance of this determination, both to the producer and 
o the consumer of this fuel. 
_ As with most methods of analysis, the most important criteria of the procedure are 
he accuracy and precision, ease of manipulation, speed of carrying out the procedure, 
nd the degree of interference from other elements or compounds likely to be present 
the system. The most commonly used methods for this determination are wet 
hemical analysis, X-ray fluorescence, and flame photometry. In the wet chemical 
vocedure the sample is digested and decomposed with acid. The lead is converted to 
1e sulfate and is determined gravimetrically as lead sulfate. This procedure is quite 
ccurate but is time-consuming and requires considerable attention. 


-Kay fluorescence 

The advantage of this procedure is that it is very rapid and requires a minimum 
preparation of the sample!. Its disadvantages lie in the fact that it is costly to 
stall, and subject to errors from variations in the sample. These variations include 
rbon/hydrogen ratio and sulfur content. 


lame photometry 

The flame photometric procedure is rapid and easy to carry out. However, some 
terference might be expected from change in concentration of the other trace 
ements present in the sample. 

The atomic absorption procedure possesses all the required advantages described 
rlier, 7.¢., a minimum of preparation of the sample is required; time for complete 
alysis, including calculation, is approximately Io min, the equipment is relatively 
eap. Accuracy of the results obtained show that the method is quite reliable and 
producible. Also, the procedure is remarkably free from interference from other 
ements present; sulfur and nitrogen content in the sample and variation in the 
bon/hydrogen ratio caused no interference at the levels normally encountered. 
so, the method enjoyed freedom from interference from metals normally encoun- 
red in this type of sample. 
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DISCUSSION 


The process of atomic absorption spectroscopy was first demonstrated Dy. 
Watsx?. The principle of the procedure is that metal atoms will absorb at certains 
well-defined, characteristic wavelengths. This absorption is intense and permits: 
analyses to be carried in the p.p.m. level. The principle advantages of the procedure’ 
are (x) high degree of sensitivity, (2) high degree of freedom from interference by} 
other metals. A schematic diagram of the equipment used for this process is shownt 
in Fig. I. 


ae == _ = eee 


Hollow Modula- Flame Inlet Prism Outlet Tuned q 
Cathode tion and Slit or Slit Detector ‘. 
Sample Grating and 
Inlet Readout 


Fig. 1. Schematic diagram of atomic absorption spectrophotometer. 


RESULTS 


It was determined that lead absorbed strongly at wavelength 2833 A. At this wa 
length the degree of absorption was so intense that the useful range of analysisw 
limited to between 0 and approximately 70 p.p.m. of lead*. At greater concentratioi 
of lead, the relation between concentration and degree of absorption was on the 
part of the calibration curve and useful analytical results were difficult to obtain. 
This is shown in the calibration data which illustrate the relationship between com> 
centration of lead and degree of absorption. The results are plotted using the Ringbom 
relation K(x — 11/Io) = log C. Assuming Jo is constant, this can be reduced to 
log C = K’(Io — Ih) 
where K = K’Io 
C = Concentration of metal 


Io = Intensity of initial signal 
J; = Intensity of signal after absorption 


The most satisfactory working range is between 0 and 70 p.p.m. of lead. To accommo= 
date this limited range, it was necessary to dilute all samples ten-fold. For this dilution, 
1so-octane was used. Although this dilution necessitated an extra step in the procedure, 


it had the advantage of virtually standardizing the matrix for all samples. Precision 
results are shown in Table I. 


Interference studies 


Solutions were made up to contain Io p.p.m. of lead and goo p.p.m. of the met 
being studied. Of the following metals examined, no interference was noted. Th 
metals studied were tin, sodium, bismuth, copper, zinc, chromium, iron, and nicke 


Interference from sulfur and nitrogen 
The sulfur and nitrogen content of gasoline vary significantly, depending on tl 


* 1 ml TEL. /gal. = 108 p-p-m. Pb, approximately. 
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TABLE I 


PRECISION RESULTS 


Lead conc. p.pm. p.p.m. p.p.m. p.p.m. p.p.m. 
tandard 50 130 220 325 650 
\nalysis 49.5 128 227 335 647 
49-5 129 219 321 655 
48.5 128 223 321 647 
49-5 129 219 328 655 
50.5 131 219 320 650 
51.0 129 216 320 655 
50.5 130 225 320 650 
50.5 131 221 320 650 
131 217 335 647 
130 216 328 647 
131 217 647 
\verage 49.4 129.7 219.5 324.5 650.0 
20 = 1.64 ZOa—25 20 = 06.8 26 SES ZG gO 


ource of the crude oil. It was therefore decided to study these elements when present 
n a high concentration. With sulfur, the compounds carbon disulfide, orthothiocresol, 
-HsCeHaSH, and m-butyldisulfide, CaHeSSCaHo, were studied as possible interfering 
ompounds. Diethylamine, (C2Hs)2NH, was used as the source of nitrogen. To study 
he effect of interference, an equal quantity of gasoline and possible interfering com- 
ound were taken and shaken well. These were then diluted ten-fold and the apparent 
ead concentration determined. The results are shown in Table II. 


TABLE If 


INTERFERENCE BY SULFUR AND NITROGEN ON LEAD DETERMINATION 


Apparent analyses 


ead interfering compound 
standard Gorin 
Pies disulfide Thiocresol Diethylamine 
p.p.m. p.p.m. p.p.m. 

50° 5° 51 5 

125 ©27, 127 123 

220 220 220 220 

325 325 320 33° 


ample contained 50% interfering compound, 50% standard. This mixture was diluted ten-fold 
ith iso-octane. 


As shown in Table II, there appeared to be no interference from sulfur or nitrogen 
ompounds, even though the compounds were present in an equal volume to gasoline. 
t is felt that if these elements do not interfere at these high concentrations, they would 
ot interfere at the lower concentrations normally encountered in gasoline analysis. 
t was concluded, therefore, that the method was free from interference from sulfur 
nd nitrogen. Other studies indicated freedom from interference from halides provid- 
ag precipitation of the lead did not eccur. 


EXPERIMENTAL 


. schematic diagram of the equipment used is shown in Fig. 1. It was found necessary 
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to include modulation in this equipment in order to eliminate difficulties arising from 
the emission line of lead which occurs at the same wavelength as the absorption lines 
Without modulation, the net absorption as detected by the photomultiplier woul 
be subject to the errors present in emission flame photometry. i 
Source i 
A lead hollow cathode was used as the source. [ts construction is illustrated in 
Fig. 2. ; 


Cu Source Metal 


Getter i 


— Seal \Quartz 


cathode Anode 
Fig. 2. Design of hollow cathode. 


Burner 
A standard Beckman flame atomizer burner was used in all cases. The flame was: 
a simple oxy—hydrogen flame. 4 


Monochromator, detector and readout system 


A modified Perkin-Elmer Model 13 spectrophotometer was used for this work, 
Modifications included a chopper operating a 12 cycles/sec and a grating instead 0 
a prism. Although the use of this instrument was quite successful for this application, 
it is likely that a much simpler instrument embodying modulation of the source and 
the detector would be quite satisfactory. . 


PROCEDURE 

Calibration 
Standard solutions of lead tetraethyl are made up by dissolving in iso-octane. Thesi 
solutions are prepared to cover the range 0-65 p.p.m. of lead. It is preferable tha 
the standard lead should be in the same form as the sample since different organi 
compounds of lead may result in a different absorption coefficient and therefore 
standard calibration curve may result which would not apply to the samples. Th 
monochromator and detector system are set to read the intensity of the emissio 
line at 2883 A emitted by the hollow cathode. The unabsorbed signal from the hollov 
cathode is set to read 100. The source is then shut off, and zero signal is set to read ¢ 
The standard solutions are then aspirated into the Beckman burner in the same wa 
as in flame photometry. The absorption reading, Jo — Ji, is then recorded and plotte 


in 2 Ringbom plot where concentration is plotted against (Jp — J1), as illustrate 
in Fig. 3. 


Determination of samples 


The sample is shaken and 1 ml is accurately pipetted out and placed into a Io-m 
graduated flask. Iso-octane (g ml) is then added until the solution reaches the mark 
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-he mixture is then well shaken, and the sample poured out and aspirated in the 
iormal way. 


_ The concentration of lead is calculated from the absorbed signal and the calibration 
urve after suitable correction for dilution. 


100 


Absorption J5J, 


ig. 3. Calibration curve. Pb concentration (p.p.m.) vs. Oe 120 20" AS See 22 


absorption (Ip — J1). Pb Concentration (ppm) 


For subsequent analyses, it must be remembered to set Jo and zero on the same 
sition on the recorder. This is best accomplished by varying the sensitivity of the 
etector or the slit widths of the monochromator. For reproducible results it is best 
ot to vary the amperage across the hollow cathode source because of the time neces- 
ary to re-attain equilibrium. As a further check a standard solution should be run 
mmediately before a batch of samples requiring analysis. In all cases, a blank should 
e obtained by running iso-octane alone, and this should be subtracted from the final 
sults. ; 
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SUMMARY 


_ procedure has been developed for the direct determination of lead in gasoline by atomic ab- 
srption spectroscopy. This procedure is rapid, does not require expensive equipment, is re- 
arkably free from interference by other trace elements present, and allows considerable vari- 
tion in the sulfur and nitrogen content of the gasoline. It compares favorably with other existing 
rocedures for this determination, such as X-ray fluorescence, wet chemical methods, and flame 
hotometry. 


RESUME 


ne méthode par spectroscopie d’absorption atomique a été mise au point pour le dosage du plomb 
ans la gazoline. Ce procédé est rapide; il ne nécessite pas d’appareillage cofiteux et il est remarqua- 
lement sélectif. 


ZUSAMMENFASSUNG 
eschreibung einer Methode zur direkten Bestimmung von Blei in Gasolin durch atomare Absorp- 
onsspektroskopie. Die Methode ist rasch und selektiv. 
REFERENCES 
F. W. Lamp, L. M. Nrepyiski anp E. W. KiEFeER, Anal. Chem., 27 (1955) 129. 
A. Watsu, Spectrochim. Acta, 7 (1955) 108. 
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INTRODUCTION 


The determination of elements of low abundance in geological materials is of consider= 
able interest in geochemistry particularly in those cases (7.e. Bi, TI, Cd, In, etc.) wher 
the concentrations are so low that quantitative determinations are rendered extremely 
difficult. This problem has to some extent been solved in recent years by the use of) 
neutron activation methods where certain elements can be determined at extremely 
low concentration levels. A contribution has also been made by the development : 
techniques depending on the enrichment of elements to the threshold of spectra 
sensitivity by means of ion exchange followed by spectrochemical analysis. The author: 
has been particularly concerned with the development of anion exchange enrichment 
techniques, and elements such as Cd, Bi, Tl, Sn, Zn, etc. have been determined in| } 
wide range of geological materials!~4. | 

There is however, clearly a place for other methods of separation and enrichment: 
and as has been suggested by SMALES AND WAGER? the use of solvent extraction for 
the solution of the problem is of obvious importance. 

In considering methods suitable for the determination of elements at extremely low 
concentrations in silicate rocks there are certain overriding limitations that must b 
considered. Of these, by far the most important is that any such method must involy 
the addition of as few reagents as possible and these reagents must not only be en 
ployed in the minimum quantities but must also be easily purifiable, otherwise thet 
is a significant risk of contamination. The author has therefore developed a solver 
extraction technique which incorporates simplicity and speed of application with th 
utmost economy of reagents which are in any case easily purifiable. : 

IRVING AND RossorrTi$ have investigated the iodo-complexes of the Group IIIb elk 
ments and have shown that Tl and In may be extracted quantitatively into ethyl eth 
from a solution of 1.5 N sulphuric acid and 1.5 N potassium iodide where the hydriod 
acid is generated im situ. They do not recommend the use of hydriodic acid itself du 
to its inherent instability. This extraction procedure is however unsuitable for th 
determination of In and T1 in silicate rocks owing to two factors. Firstly, it has bee 
discovered that even the purest grade of potassium iodide contains significant amo 
of Tl, and secondly, it is not easy to obtain a solution of a silicate rock in sulphur 


* Formerly Department of Chemistry — University of Cape Town. 
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id owing to the formation of insoluble sulphates. A modified procedure was there- 
re developed in which the rock specimens were finally dissolved in a mixture of 15°, 
7 N) hydrochloric acid to which was added sufficient hydriodic acid to make the 
lution 1.0 N with respect to the latter. It was easy to obtain a solution of the rock 
this mixture and moreover the reagents were found to be entirely free of In and 
. These elements were subsequently determined in a suite of eight rocks including 
e well-known standard granite G-1 and standard diabase W-1 (see FAIRBAIRN et al.’). 
90d agreement was obtained not only with the results of other workers for these 
andard rocks but also with the author’s previous work on anion exchange enrich- 
ent. 


APPARATUS 


1e spectrochemical determinations were carried out on a large Hilger quartz/glass 
ectrograph in which the discharge was focussed on the slit by means of a Hilger 
958 quartz lens. A rotating step sector with a transmission ratio of two served to 
ovide a graded series of exposures and the spectra were recorded on Kodak 103-0 
ue-sensitive plates in the range 2750 A to 4680 A. 


EXPERIMENTAL TECHNIQUE 
ectrographic procedure — 2 
Since the amounts of the ethereal residues which were to be analysed spectrochemi- 
lly were exceedingly low (about 5 mg), some form of matrix was necessary to 


Intensities and intensity ratios 


SS eh et 
1 2 3 4 5 6 7 8 9 fom See 
Number of arcings 


t. 1. Replicate arcings of small amounts of Bi, In and Tl showing the efficacy of Bi as internal 
. standard. 


\lect the residues and to afford sufficient bulk. Sodium chloride was found to be 
icularly suitable for this purpose since it not only is readily obtainable ina high 
bree of purity but also has the property of quenching CN emission during arcing, 
H hence reduces CN band interference’ in the region of the most sensitive T1 line 
\3775 A. A further advantage of this matrix is that In, Tl and Bi (the internal 
dard) are all volatilised by the time that the sodium “D”’ colour has started to 
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wane and cutting off the exposure at this point eliminates much interference fror 
the less volatile elements such as Fe. 

A series of volatilisation tests were carried out with various volatile elements coi 
jointly with In and TI in order to choose a suitable internal standard. Bi was fom 
to be satisfactory for this purpose and in order to assess the reproducibility of replica 
arcings, a series of samples containing small amounts of In, Bi and Tl in consta 
proportions to each other and contained in the sodium chloride matrix were areeé 
at 7 A. The spectral lines measured were: Tl 3775 A, In 3256 A and Bi 3067 A. The 
samples were loaded into 3/16’ graphite electrodes the dimensions of the cavity being 
3.2 mm {internal diam) x 5 mm (depth). 

The replicate intensities of In, Tl and Bi and the intensity ratios of the line paij 
’ In/Bi and T1/Bi are shown in Fig. 1. 

Standard deviations were calculated and were found to amount to 10.0% for the 
line pair In/Bi and 16.5% for T1/Bi. The reproducibility for In can be consider 
spectrographically satisfactory, whereas that for T] is only fair. 


Extraction of the iodo-complexes of In and Tl into ethyl ether 


As has already been stated, the extraction of the iodo-complexes of In and Tl i te 
ethyl ether from a solution in which the hydriodic acid is generated 7m situ with the 


100 
80 
60 


40 


Percentage extraction 


20 


© O5 10 1S 
HI normality 


Fig. 2. The percentage extraction of the iodo-complexes of In and Tlas a function of HI norma 


aid of sulphuric acid is not satisfactory but hydrochloric acid is an excellent med: 
for the dissolution of silicate rock residues after removal of the silica with hydroflu 
acid. A series of experiments were therefore carried out to measure the percent 
extraction of In and Tl from a solution of small amounts of these elements in : 
hydrochloric acid to which varying amounts of hydriodic acid were added. The 
driodic acid concentrations used were 0.2 N, 0.5 N, 1.0 N, and 1.5 N, respectiy 
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lphur dioxide was passed through each solution until the brown iodine colour had 
appeared in order to ensure that all iodine was present in the anionic form and 
ut the Tl was present completely in the monovalent state. Each solution was then 
uken with an equal volume of ethyl ether which had been previously equilibrated 
th 15% hydrochloric acid. The aqueous and organic phases were then separated, 
sen to dryness and the residues collected in the sodium chloride matrix and the 
and T1 determined spectrochemically using Bi as internal standard. 

In Fig. 2 the percentage extraction figures are shown as a function of hydriodic 
id normalities and it will be noted that the extraction of each element increases 
idly to a limiting value of about 99% at 1.0 N acid. This acid concentration was 
cen as the optimum for all future work bearing in mind the desirability of keeping 
reagent concentrations down to a minimum. 


termination of In and TI in silicate rocks 


[he method whereby the In and Tl concentrations were determined in 8 silicate 
-ks was as follows: 10-g samples of rock were digested in a 150-ml Teflon beaker 
th 50 ml of AR grade hydrofluoric acid and 50 ml of AR grade aqua regia®. The 
xture was taken to dryness in a water bath and the residues were transferred to a 
rosilicate glass beaker to which 20 ml of sulphuric acid were added followed by 
ating until all the acid had been removed. The sulphated residues were then dis- 
ved in the minimum quantity of 15% hydrochloric acid and the rock solutions 
vided into two equal volumes each representing 5 g of the original rock. Each 
plicate had a final volume of about 200 ml. Sufficient AR grade hydriodic acid was 
w added to each solution to adjust the concentration of this acid to 1.0 N. Sulphur 
xide gas was then passed through each sample until the iodine colour had dis- 
eared and the In and Tl were then extracted with an equal volume of pre-equi- 
ated ethyl ether in a 1000-ml separating funnel. Each ethereal extract was taken 
dryness and a further 50 ml of 15°% hydrochloric acid were added followed by the 
uisite amount of hydriodic acid. After treatment with SOx, the trace elements 
e again extracted with an equal volume of the ether. The purpose of the double 
raction was to effectively separate the In and Tl from other interfering elements 
articular Fe and also to remove traces of sulphuric acid remaining from the sul- 
tion stage of the procedure. If this acid is present, it is difficult to obtain a satis- 
tory dry and compact residue for packing into the electrodes due to “creeping”’ 
he acid during the final stages of the technique. 

he second ethereal residues were taken to dryness in 50-ml porcelain basins and 
iodine removed by adding a few ml of nitric acid. The usual sodium chloride 
Itrix and Bi standard were added in solution form and the residues were again 
ten to dryness. The samples were loaded into graphite electrodes and arced at 7 A 
the wavelength range 2750 A to 4680 A. 

orking curves were also prepared using amounts of In and Tl ranging from 
2 to 2.0 ug in steps of 0.02, 0.04, 0.10, 0.20, 0.60 and 2.0 ug in 20 mg of NaCl. Each 
hple contained in addition 10 wg Bi as internal standard. 

further set of standards was prepared in which the In and TI were in each case 
n a double extraction treatment exactly as the 8 silicate rocks. Both sets of 
dards when plotted on the working curve were indistinguishable from each other 
indicated that the extraction procedure was completely effective. 
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A typical spectrogram (quartz felspar porphiry) is shown in Fig. 3 and it will be i 
that the spectral lines are quite strong and clear. The experimental results are sur 


marised in Table I and show gratifying agreement with independent data obtains 
on G-r and W-1 by other workers using different experimental methods. The ta 
also shows that good agreement has been obtained with the author’s own previous 
work on anion exchange enrichment. 4 


RESULTS id 


= 


cn 3883 A —=| 


i 
- 


Cu 32744 =| 


acta kc nt tne 


In 32564 —=| —— 


Cu 32473 —> fee 


Tl 3775A —~|I 


Fig. 3. Spectrogram of ether extract from solution of quartz felspar porphiry showing In and T1 liz : 


j 
TABLE I . 


THE ABUNDANCE OF Tl AND In IN SILICATE ROCKS (DATA FOR Mn ALSO INCLUDED) 


Name of rock Locality p.p.m. T1 p.p.m. In 

G-1r Westerley, 1.27% 1:30). 1:g0° 1.279 970.0428 010262 
Rhode. I, U.S.A. 

Quartz felspar porphiry  Paresis igneous 0.71% — —., —- 0.0708 — OC 
complex, S.W.A. 

W-1I Centerville, 0.218 0.17 0.12 O.11% 0.0949 0,064° 13) 
Virginia, U.S.A. 

Gabbro Paresis igneous 0-188 = — a= — 0.1208 — iy 
complex, S.W.A. 

Nepheline syenite Paresis igneous 0.59% — = _ 0.266%  —.) 1m 
complex, S.W.A. : 

Hortonolite dunite Lydenburg, Tvl. — — == == 0.3369 — Rm 

, } South Africa 

Cape granite Cape peninsula, DSO 8 Vea 4 OL gue 0.0708 — 

‘ South Africa 

Shale Mouille point, 0.128 © —~ "9,780 0.0278 — 


Cape Town, S.A. 


* This paper 4 VINCENT?1 
> Morris aND KILLIcK10 e€ SMALES et al.12 
© Brooks, AHRENS AND TAYLOR} £ TayLor}i3 
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DISCUSSION 


he agreement obtained for the abundance of Tl in G-r is particularly striking and 
figure of 1.29 p.p.m. is suggested with some confidence. Agreement for W-1 is not 
uite so good but the average of 0.15 p.p.m. for the four sets of data cannot be far 
om the truth. The author has obtained figures for the abundance of In in G-1 and 
-1 which are about 50% higher than the figures obtained by Smatzs et al.12 by 
sutron activation, but considering that the two techniques are entirely different and 
at the concentrations concerned ‘are particularly low, the measure of agreement is 
1ite good. SHAW!4 has pointed out that there is no apparent regularity in the dis- 
ibution of In in silicate rocks apart from a tendency to be associated with Sn. This 
1s been noted by RANKAMA AND SAHAMA! and GOLDSCHMIDT! who have however 
iggested the possibility of an association with Mn since the respective ionic radii 
e extremely close (Mn+? = 0.81 A : In+3 = 0.80 A). Fortunately, independent 
sundance data are available for Mn in 6 of the rock samples and an apparently fairly 
ose association between the two elements has been noted in these samples. Fig. 4 


Ol G0 j 1000 19000 
ppm. Mn 


g. 4. In concentrations in six silicate rocks expressed as a function of Mn concentrations. 


ows a log/log plot of In concentrations as a function of Mn concentrations. It is 
vious that firm conclusions cannot be drawn from analyses on only six samples but 
ere is no doubt that a further investigation into this apparent association would 
- of great interest and it should be possible to apply the method described in this 
iper to the speedy and efficient estimation of In and Tl in a large number of geo- 
zical materials. 


SUMMARY 


technique has been developed for the determination of In and Tl at very low concentrations 
silicate rocks. The iodo-complexes of these elements are extracted from the rock silicate into 
nyl ether and the ethereal residues are analysed spectrochemically. The optimum working con- 
tions were established by a study of the variation of percentage extraction as a function of 
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hydrogen iodide normality ; the reproducibility of the spectrochemical procedure was investigated 
In and Tl were determined in eight silicate rocks including standard granite G-1 and stand 
diabase W-1. Good agreement was obtained with results of other workers for these two rocks 
with the author’s previous results. The evidence for a In/Mn coherence in silicate rocks is suff 
ciently strong to warrant further investigations. 


RESUME 


Une méthode est proposée pour le dosage de trés faibles quantités d’indium et de thallium dans de: 
silicates. On procéde a l’extraction des iodocomplexes de ces éléments, puis a leur dosage spectro- 
chimique. 


ZUSAMMENFASSUNG 


Beschreibung einer Methode zur Bestimmung sehr kleiner Mengen von Indium und Thallium in, 
Silikaten durch Extraktion der Jodo-komplexe mit anschliessender spektrochemischer Bestim= 
mung. 


REFERENCES 
1 R. R. Brooks, L. H. AHRENS AND S. R. TayLor, Geochim. et Cosmochim. Acta, 18 (1960) 1 
2 R. R. BRooxs anpD L. H. AHRENS, Spectrochim. Acta, 16 (1960) 783. 
3 R. R. Brooks, Analyst, 85 (1960) 745. 
4 R. R. BRooxs anD L. H. AHRENS, Geochim. et Cosmochim. Acta, (1961) in the press. | 
5 A. A. SMALES AND L. R. WaGER, Methods in Geochemistry, Interscience, New York, 1960. 
6 H. M. IrvinG anv F. J. C. Rossotti, Analyst, 77 (1952) 801. 
7 H. W. Farrparrn ef al., U.S., Geol. Survey Bull., (1951) 980. ; 
8 L. H. AHRENS AND S. R. TAYLOR, Spectrochemical Analysis, Addison Wesley, Reading, Mas 
1960. 
® R. R. Brooxs, Nature, 185 (1960) 837. ; 
10 D. F. Morris anpD R. A. KILLick, Geochim. et Cosmochim. Acta, 4 (1960) 5I. 
11 EF. A. VINCENT, Private communication to L. H. AHRENS. 
12 A. A. SMALES, J. VAN, R. Smit anp H. M. Irvine, Analyst, 82 (1957) 7 
13S. R. Tayitor, Unpublished work. 
14 D. M. SHaw, Geochim. et Cosmochim. Acta, 2 (1952) 118. 
15 = as NKAMA AND T. G. Sanaa, Geochemistry, University of Chicago Press, Chicago, 195 
16 ] 


OLDSCHMIDT, Geochemistry, Oxford University Press, Oxford, 1954. 


Anal. Chim. Acta, 24 (1961) 456-4 


ANALYTICA CHIMICA ACTA 463 


/ONTRIBUTIONS TO THE STUDY OF ORGANIC OSMIUM REAGENTS 
GH. BAIULESCU, C. LAZAR anp C. CRISTESCU 


Laboratory for Analytical Chemistry of the Chemical Faculty, University I. C. Parhon, 
Bucharest (Roumania) 


(Received October 31st, 1960) 


nvestigations carried out by various workers on organic reagents for osmium 
ndicate that this element mainly reacts with reagents containing the SC=S group. 
SHUGAEFF! reported that osmium reacts very sensitively with thiourea. This 
eaction was used by SANDELL? for the detection of osmium in meteorites. The 
eactions of osmium with thiourea derivatives were studied by STEIGER? who 
xamined 21 derivatives with the general formula (R2N)2CS. YOE AND OVERHOLSER4 
tudied the reaction of 60 thiourea derivatives with 78 inorganic ions including 
smium and ruthenium. BARDODE]J® investigated a series of organic reagents and 
onsidered the DCS group as the functional analytical group for osmium and 
uthenium. : 
Recent work® included an investigation of the colour reactions of osmium with 
wo mono-substituted thiourea derivatives, namely: 4-acetylaminobenzaldehyde- 
hiosemicarbazone and 4-nitrobenzaldehyde-thiosemicarbazone, both reactions being 
nore sensitive than the thiourea method. 

The present paper reports the reactions of osmium with two other mono-substituted 
hiourea derivatives and with four organic heterocyclic compounds containing the 
SH group attached to the ring. 


REAGENTS AND PROCEDURE 

peagents 

Osmium tetroxide solutions were prepared by dissolving approximately 1 g of 
)sOu in 100 ml of 0.2 M sodium hydroxide, the titre of the solution being ascertained 
y the KLopBIE method’. The osmium content of the test solutions was 49.12 ug 
)s/ml and 41.44 ug Os/ml, respectively. 

The following reagents were used: I, The amide of «-thiosemicarbazido-isobutyric 
cid8; II, «-thiosemicarbazido-isobutyronitrile§; III, 3,5-dihydroxy-6-mercapto- 
,2,4-triazine (disodium salt)®; IV, 3-mercapto-5-hydroxy-6-methyl-1,2,4-triazine?? ; 
7, 3-mercapto-5-hydroxy-6,6-dimethyl-1,6-dihydro-1,2,4-triazine§; VI, 2-mercapto- 
-hydroxy-6-methyl-1,3-pyrimidine™. 


-NH H3C CN 
On ae NHa2 3 yar 
HsC” \NH-NH-C-NHs HC” \NH-NH-C-NHa 
| 
8 
a II 
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Reagents J and II were used as 0.1% solutions in 1% sodium hydroxide. Reagent III 
was used as a 0.2% solution in water. Reagents IV, V and VI were used as 0.2% 
solutions in 1° sodium hydroxide. In each case 2 ml of reagent solution was added 
both to the test solution and to the blank. 


Procedure 
Pipette 0.25-6 ml of the osmium solutions in to 10-ml calibrated beakers. With _ 
reagents I, II, III, IV and VI, add x ml of sulphuric acid solution (32 ml of concen- 
trated acid and 68 ml of water), while with reagent V, add 0.25 ml of the same acid © 
solution. Then add the reagent solution and dilute to 10 ml with ethanol. With 
reagent I, a yellow colour is obtained which develops steadily, the reading being 
taken after Io min. With reagent II, a yellow-brown colour is obtained, the reading 
being taken during the first 5 min. With reagent III, a red-brown colour is obtained, 
the reading being taken during the first Io min since the extinction decreases 
steadily. With reagent IV, a yellow colour is obtained which develops steadily, 
the reading being taken after 20 min. With reagent V, a yellow colour is obtained, 
the reading being taken during the first Io min since the extinction decreases steadily, 
With reagent VI, a pink shade is obtained. 
Owing to the fact that reagent VI exhibits a low sensitivity, quantitative test 
were carried out with the first five reagents only. 


4912 98.24 147.36 196,48 245,60 29472 


41.44 82.88 124,32 165.76 207.20 248.64 331,52 414.40 
bg Os/10 mI 


Fig. 1. Extinction curves, t. I M-43; 2. II M-43; 3. III M-47; 4. IV M-50; 5. V M-43. 
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TABLE I 
LOS ug Os Reagent Reagent Reagent Reagent Reagent Reagent 
lation per Io I II DEL IV V VI 
“és ml M-43 M-43 M-47 M-50 M-43 M-43 

a 12.28 0.06 = 0.04 — —_ — 

25 10.36 — — — 0.04 0.07 — 

a 24.50 0.125 —- 0.08 — — — 

‘5 20.72 — 0.045 — 0.08 0.145 — 

- 49.12 0.25 — 0.16 —_ — — 

. 41.44 — 0.09 — 0.16 0.29 — 

a3 98.24 0.50 — 0.32 a — = 

ot 82.88 — 0.18 -- 0.32 0.58 0.08 

A 147.36 0.55 — 0.48 — — — 

3- 124.32 —_ 0.27 — 0.48 0.81 — 

é 196.48 — oo 0.64 — — — 

“si 165.76 — 0.36 —- 0.64 _ — 

- 245.60 — — 0.80 — — — 

Bs 207.20 — 0.45 — 0.80 ~- — 

294.72 —— — faa — — aoa 

po 248.04 — 0.54 — 0.96 -— = 
igher 

oncen- 331.52 — 0.72 a — — — 
ration 
igher 

oncen- 414.40 _— 0.90 — = = Gace 


0.20) 


0.15 


0,10) 


0.05 


436 469 496 533 574 619 665 726 
ACmpP) 


ig. 2. Colour curves. 1. I-49.12 ug Os/10 ml; 2. II-41.44 ug Os/10 ml; 3. III-49.12 ug Os/10 ml; 
4. IV-41.44 ug Os/1o ml; 5. V-41.44 ug Os/1o ml. 
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Readings were taken by means of a vertical Pulfrich photometer, the maximu 
extinction being obtained on the M-43 filters with reagents I, IT, III, V and VI, a 
on the M-so filter with reagent IV. The results are shown in Table I and in Figs. r 
ae results shown in Table I and Fig. 1 show that reagent I allows the determina- 
tion of osmium in the range 1.23-9.82 wg Os/ml; reagent II, in the range 2.07—41.44 
ug Os/ml; reagent III, in the range 1.23-24.56 wg Os/ml; reagent IV, in the ran, 
1.04-24.86 ug Os/ml; reagent V, in the range 1.04-8.29 wg Os/ml. 

These results, as well as the data mentioned in a recent paper®, show that both 
from sensitivity and colour stability considerations, the reagents derived from thiou 
are to be preferred to those containing a heterocyclic nucleus with the —SH group: 
attached to the ring. 


SUMMARY 


The reaction of osmium is examined with two thiourea derivatives and four heterocyclic nitrogen! 
compounds containing the SH-group attached to the ring, and five new colorimetric methods 
for the determination of osmium in the range 1.04—41.44 wg Os/ml are proposed. 


RESUME 


Aprés avoir examiné le comportement de l’osmium avec deux dérivés de la thiourée et quat 
composés hétérocycliques azotés renfermant un groupe SH, les auteurs proposent cing nouvel 
méthodes pour le dosage colorimétrique de cet élément. 


ZUSAMMENFASSUNG 


Beschreibung einer Untersuchung iiber die Reaktion von Osmium mit Derivaten des Thioharn= 


stoffs und mit N-heterocyclen, die eine SH-Gruppe tragen. Es werden 5 neue colorimetrische 
Bestimmungsmethoden fiir Osmium vorgeschlagen. ; 
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THIONIN DERIVATIVES IN THE EXTRACTION AND DIRECT 
PHOTOMETRIC DETERMINATION OF BORON* 
LASZLO PASZTOR anv J. DANIEL BODE** . 
vaham Research Laboratory, Jones & Laughlin Steel Corporation, Pittsburgh, Penna. (U.S.A.) 
(Received October 11th, 1960) 


fonomethylthionin and methylene blue (tetramethylthionin) have been thoroughly in- 
estigated by PAsztor et al.1:2 and DucrET® and applied to the extraction and direct 
etermination of boron. A detailed investigation has shown that other commercially 
vailable thionin derivatives can also be used advantageously for the same purpose. 
hionin itself is not satisfactory but dimethylthionin (Azure A), trimethylthionin 
Azure B), dimethyl-diethylthionin (New Methylene Blue N), mono-nitro-tetrame- 
hylthionin (Methylene Green), methyl-N-dimethylthionin (Toluidine Blue O) and 
ne eosinates of Azure A and B were found suitable. In addition more than thirty 
slvents, mostly chlorinated or brominated hydrocarbons, were tried as extraction 
1edia. Using different dyes and solvent combinations various boron concentration 
anges can be covered with good accuracy and reproducibility. 


APPARATUS AND REAGENTS 
pparatus 
For the spectrophotometric work a Beckman Model DU and a Cary recording 
oectrophotometer were used with 1-cm quartz cells. For the routine part of this work 
1e Model B Beckman spectrophotometer was used. Except for storing and measuring 
1e organic solvents polyethylene ware was used in all experimental work. 


eagents 

Standard borofluoride (BF4-) solution containing 1.0 wg of boron per ml was 
epared by dissolving reagent grade boric acid in 0.25°% HF. This solution was used 
ly after standing 24 h to insure complete formation of BF4~. 0.oo1-M aqueous dye 
lutions were prepared from commercially available (National Aniline) dyes. Reagent 
ade organic solvents were used for the extractions. Mixed solvents were prepared 
st before the extraction was carried out. 

All reagents except the organic solvents were kept in polyethylene bottles and those 
ntaining hydrofluoric acid were kept below 5°. (No purification of reagents was 


rried out unless noted.) 
P PROCEDURE 


.o ml of standard BF.~ solution (containing 10 wg B) were diluted in a r00-ml 
lyethylene bottle with 30.0 ml of water or 0.5 N H2SOa. 10.0 ml of 0.oor M dye 


This paper was presented at the 1960 fall meeting of the American Chemical Society in New York. 
Present address: Bell Telephone Laboratories, Murray Hill, N.J. (U.S.A.). 
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solution and then 25.0 ml of the organic solvent were added. The bottle was cappe 
and shaken well for at least r min. After the layers separated completely the abso 
ance characteristics of the organic phase were investigated and subsequent qua 
tative measurements made at the absorbance maximum. Reagent blanks were r 
in parallel. 

If the absorbance was too high the organic phase was diluted (I : 5 or I : 25) wi 
the solvent so that the final absorbance was always less than 1.2. Reagent blanks we 
treated the same way and their values subtracted from the total absorbance to giy 
the net absorbance. 


DISCUSSION 


The structure of methylene blue, first used for the solvent extraction of boron 
DucreET3, suggested that other thionin derivatives or thionin itself might also b 
applicable. The commercially available derivatives, therefore, were investigated. 

Preliminary experiments, using dichloroethane, carried out as described in 
procedure, showed visually that most of the dyes form an extractible complex witt 
BF,-. These were, in decreasing order of visible difference, MB (Methylene Bl 
AB (Azure B), NMB (New Methylene Blue N), AB-eos. (Azure B Eosinate), AA-eo: 
(Azure A Eosinate), MG (Methylene Green), AC (Azure C), AA (Azure A), and TBO 
(Toluidine Blue O). No visible difference was observed with T (Thionin). The structural 
formulas of these dyes can be seen in Fig. 1. 


= i. 
N N N S 
ie H~ POTN Ae Toluidine |CHY 24 
Thionin | cl Blue | 
fA 
CH3 


Cle Azure A 


+ 


Gis Gis + CH, 
Azure B| 3 | ci- oe eee ACH; 
FA and 
Eosinate™ 
m2 CoHs5 CH3 CH3 Nal 
Methylene} CH zi 
Green 2 neeeul cl- lew ssa a H~ GO M, 


Fig. 1. Thionin derivatives tested. 
. 


Spectrophotometric measurements were carried out on solutions obtained by usi 
the general procedure. It was observed that where a BF4—dye complex was form 
and extracted (with the exception of TBO and NMB), the absorbance maximum V 
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etween 655-660 my (that of TBO was at 632 mu and of NMB at 618 my) (Fig. 2). 
the absorbance maximums of the reagent blanks were approximately at the same 
yave lengths as their corresponding BF4-—dye complexes with the exception of TBO. 
hese anomalous curves of TBO are shown in Fig. 2. 


0.5 
0.4 
® 
oO 
fe 
o 
a 
= 
a) 
2) 
=r 
< 
. 
500 600 Sei IOG 
| Wavelength (my) 
‘ig. 2. Spectral absorbance curves of the extracted BF3-dye complexes: ——————— MB, AB, 
AB-e, AA-e, T; NMB; — — — — MG; - —-— -— AC; --—--— AA; 
ia mse 61 eVa—mary DES)? Sc. iejossicraictesctavacions TBO reagent blank. 


500 600 
Wavelength (mj) 


Fig. 3A. Spectral absorbance curves of 10-5 M aqueous dye solutions at pH = 3.0: 


Thionin; Azure C; — — — — — Azure A; - — -—-—- — Azure B; 
- —— - —— Methylene Blue. 
500 600 700 
Wavelength (mp) 
Fig..38..——_—_—_—. Toluidine Blue O;,—-—-—. New Methylene Blue; 
— — — — — Azure A-eosinate ; —— - —— - —— - Azure B-eosinate; 


a < — Methylene Green. 
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The absorbance maxima of these dyes in the original aqueous solutions varied fror Y 
614-663 my except for T at 597 mu (Figs. 3 A and B). 

Measurements with T showed a highest total absorbance value of less than 0.02 a 
a net absorbance less than 0.01 for 10 wg B. Net absorbances using the other dyes;: 
again for 10 wg B, were of the following order (those greater than I.2 are extrapolated 
values). MB 2.9, AB 2.0, NMB 1.9, AB-eos 1.6, AA-eos and MG 1.2, AC 1.0, AA and: 
TBO 0.4. The reagent blank absorbance values decreased in the same order from 0.6! 
for MB to 0.08 for TBO. These results showed that by using different dyes with i. 
same solvent (r,2-dichloroethane) various boron concentration ranges could be coy 
ered with good sensitivity without aliquoting, making most of the dyes attractive: 


for analytical applications. 


Aqueous phase 


Absorbance 


Absorbance 


600 TOO 800 
Wavelength (mu) 


Fig. 4. Effect of po and dichloroethane extraction on the absorbance curves of 10-5 M methylel 


blue solution. pH = 2.0: 0 o before extraction; o— -—o extracted—blank; o ———- 
extracted—1o wg B(as BF4-). pp = 0.0: AA before extraction; A—— ——A extracted 
blank; A—-—-—-—— A extracted—1o0 wg Bias BF.-). 


Figs. 4 and 5 show the effect of pH and extraction on both the aqueous and organ 
phases for Methylene Blue and Azure C with dichloroethane. The total and net al 
sorbances do not change between px 6 and 2 but decrease at lower pH levels!.2. T 
same trend was observed with other dyes. Correct results can be obtained between pH 
and 0.25 by using higher dye concentrations and carefully controlling the acid coi 
centration 

To further improve the solvent extraction of boron with these thionin derivativ: 
various organic solvents were tried. Different solvent types were first checked i 
cluding halogenated hydrocarbons, benzene, ethers and carbon disulfide. TheBF1--d 
complexes behaved quite differently with the various solvents. Some did not extra 
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he complex at all but others, especially several of the chlorinated hydrocarbons (and 
0 a lesser extent a brominated hydrocarbon) were universally suitable. Also the dis- 


ribution of the colored boron complex between the aqueous and organic layers 
aried significantly. 


oO 
bed Aqueous phase 
§ 
tf 
e) 
Ww 
a 
< 
550 600 650 700 750 
Wavelength (mu) 
oO 
UO 
G 
2 Organic phase 
e) 
2) 
ne} —— Selo 
< 550 600 650 706 750 


Wavelength (my) 


ig. 5. Effect of pH and dichloroethane extraction on the absorbance curve of 10-5 M monomethyl 
aionin solution. pH = 2.0: o—————o Before extraction; o ——o extracted—blank; 
————0 extracted—10 wg B(as BF4-). pH = 0.0: A= A before extraction; A A 
extracted—blank; A—-— —-—A extracted—1o wg B (as BF.-). 


No, or very limited, extraction was observed with benzene, 1,3-dimethylbenzene, 

iethylether, methylethylether, carbon disulfide, 1,1,1-trichloroethane, trichloro- 
thylene, tetrachloroethylene, 2-chloropropane, 1-chlorobutane, chlorobenzene, p-di- 
hlorobenzene in benzene, tetrachlorobenzene in benzene, hexachlorobenzene in ben- 
ene, hexachloroethane in benzene, bromoethane, I,1,2,2,-tetrabromoethane and 1,2- 
ibromopropane. With all these solvents the total absorbance was less than 0.04 and 
he net absorbance less than 0.02 for 10 wg boron. 
Carbon tetrachloride, chloroform and monochloroethane were found to be poor 
xtracting solvents, the highest net absorbance values, those for MB, being respec- 
ively 0.02, 0.07 and 0.07. Monochloroethane, with a low boiling point, is also dis- 
dvantageous because the extraction must be carried out at around 6° or less. 

Dichloromethane and cis-dichloroethylene behave similarly to 1,2-dichloroethane 
1 that they give the highest net absorbances. Unfortunately the reagent blanks are 
elatively high for MB, AB, and NMB and ro wg boron can be measured only after 
: 5 dilution. With AB-eosinate, MG, AC, AA-eosinate, AA, and TBO, lower reagent 
lanks and satisfactory net absorbance values were obtained. 

I,1,2-Trichloroethane and o-dichlorobenzene give lower absorbance values with 
orrespondingly lower reagent blanks. o-Dichlorobenzene gives exceptionally low 
lanks with MB, and AB, making it an especially good solvent for use with these dyes. 
,2-Dichloropropane and 1,4-dichlorobutane extract the boron complexes even less 
ut can be used for higher boron concentrations. 

The dyes themselves are relatively soluble in 1,1,2,2,-tetrachloroethane and di- 
3-chloroethyl)-ether making a I : 5 or r : 25 dilution of the extract necessary in order 
)» read the absorbance. Although even with a I : 25 dilution measurable net absorb- 
nces were obtained, the high reagent blanks (80-95% of the total absorbance) make 
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these solvents unsatisfactory. These were the only solvents that extracted the T-BF.- 


complex appreciably, giving net absorbances of 0.25 and 0.36. 7 

The brominated solvents with the exception of 1,2-dibromethane, which was a ve 
poor extractant, proved completely unusable. 

Solvent mixtures were also tried. Mixing a solvent into which the colored BF4~ 
complex extracts readily with one which is a poor extractant makes adjustment of 
the sensitivity and range possible. An example of this is the use of 1,2-dichloroethan 
1,2-dichloropropane (or carbon tetrachloride) mixtures with monomethylthionin 
previously reportéd?. Many other variations are obviously possible. ; 

The measurements reported in this paper were carried out according to the pro- 
cedure using water as the diluent for the aqueous phase. When diluted sulfuric acid 
was used instead of the water, the same trends were observed but the net absorban 
decreased with increasing acid concentrations!»?. Organic acids as well as nitric an¢ 
in higher concentrations, hydrochloric and hydrofluoric acids interfere. . 

Total and net absorbances depend not only on pH but also on the purity of the dye 
and of the solvent. Generally it can be stated that if the aqueous dye solution was 
purified by preliminary extraction with the solvent, reagent blanks were lowered by: 
about 10%. 


enough impurities to warrant purification. 


CONCLUSIONS 


Thionin and nine of its derivatives form complexes with BF.4~ and, except for the 
of thionin itself, these can be used for solvent extraction and photometric determina= 
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n of boron. The complexes of the various dyes are extractible to different extents, 
t generally in the same order, in different solvents (Fig. 6) and solvent mixtures. 
For analytical applications the following combinations can be recommended: 


Dichloromethane 
I,2-dichloroethane AC, AA, AA-eos., TBO. 
cis-dichloroethylene 


o-dichlorobenzene 
me a iehlorsethabe AC, AA-eos., AB, AB-eos., MB. 
1,2-dichloropropane 


1,4-dichlorobutane AB and MB. 


ith solvent mixtures many other useful combinations are possible with all the 
ionin derivatives discussed here. 


SUMMARY 


jionin and nine commercially available thionin derivatives were studied for their appli- 
bility in the analytical solvent extraction and direct photometric determination of boron. 
ure A, Azure B, Azure C, Methylene Blue, New Methylene Blue N, Methylene Green, Toluidine 
ue O, Thionin and the eosinates of Azure A and B were investigated. Over thirty organic sol- 
nts, mostly chlorinated or brominated were tried with these dyes. 1,2-Dichloroethane, 1,2-di- 
loropropane, dichloromethane, 1,1,2-trichloroethane, czs-dichloroethylene, o-dichlorobenzene, 
{-dichlorobutane and mixtures of these solvents proved applicable. Many good dye-solvent com- 
ations were found which were very attractive for the separation and determination of various 
ounts of boron. Only thionin itself proved unsatisfactory. 


RESUME 


thionine et neuf de ses dérivés ont été examinés en vue de leur utilisation pour l’extraction et 
osage photométrique du bore. Plusieurs solvants organiques ont été essayés. Seule la thionine 
pas donné de résultats satisfaisants. 


ZUSAMMENFASSUNG 


ionin und neun Derivate des Thionins wurden auf ihre Eignung zur photometrischen Bestim- 
ing von Bor untersucht. Die zur Extraktion verwendbaren organischen Lésungsmittel werden 
egeben. Thionin selbst ist nicht geeignet fiir die Bestimmung. ; 
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DETERMINATION OF SULPHANILAMIDES WITH ALKYL NITRIT D 
BY A POTENTIOMETRIC METHOD 


N. K. MATHUR, S. P. RAO anp O. P. KACHHAWAHA 


Department of Chemistry, Jaswant College, Jodhpur (India) 
(Received September 26th, 1960) 


In the field of organic functional group analysis sulphanilamides have attractet 
special attention owing to their pharmaceutical importance. Several of the methods re 
ported for the determination of sulphanilamides are based on acidimetric titrations i 
the amino group present in the molecule. Owing to the weak basic character of the ami 
group, the application of a non-aqueous titration and potentiometric end-point detee 
tion is necessary!. FRITZ AND KEEN? attempted the titration of the very weak acid 
group—SO2NH- in non-aqueous media such as butylamine or dimethylformamide. | 
Certain recommended methods for aminosulphonamides depend on reactions of tl 
amino group and such methods are mainly satisfactory. In general, acidimetm 
titrations are not specific for the sulphanilamides and hence reactions such as diazoti- 
sation? have been found more satisfactory (the method has been recognised as 
official method)4; several workers have employed a diazotisation procedure with 
sodium nitrite as titrant and starch-iodide paper as external indicator or acriflavine 
or diphenylbenzidine violet® as internal indicator ; potentiometric end-point detecti 
has also been applied. 
Because of the limitations of sodium nitrite for quantitative diazotisation, MATHI 
et al.” have recently employed alkyl nitrites for the determination of certain aroma 
primary amines and compounds containing a reactive methylene group. Since alk 
nitrites were found to have advantages over sodium nitrite for quantitative diazo 
sation, the method has been extended to the determination of sulphanilamides. 


EXPERIMENTAL 


The procedure adopted for the preparation and standardisation of the alkyl nitr 
solution was the same as described earlier’. Twice recrystallised sulphanilamide ¥ 
used as primary standard as recommended by CaLamari et al.3. The standard bu 
nitrite solution was used to determine the amount of certain sulpha drugs in 1 
commercial preparations. The titration was performed potentiometrically with 
S.C.E. vs. a bright platinum indicator electrode, the equivalence point being indicat 
by a sudden change in the potential of the order of 80-120 mV. The sulpha dn 
(tablets) employed in the present investigation were Sulphadiazine (Lederle), Sulp 
thiazole (Ciba), Sulphaguanidine (Ciba), Sulphapyridine (I.C.1.), Sulphametha: 
(Ciba) and Sulphamerazine (Ciba). The graph (Fig. 1) represents a typical poten 
metric titration curve of sulphadiazine and butyl nitrite. The sulpha drug conte 
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the tablets given by the manufacturer and the values found experimentally are 
own in the Table I. 

In addition to the classical method, the “dead stop” technique with two platinum 
ectrodes and a very small E (approximately 15 mV) was also used for end-point 
tection. The end-point is indicated by a sudden increase in the current due to 
polarisation of the electrodes when a slight excess of nitrous acid is present. 


TABLE 1 
Amount of sulpha drug per tablet 
GnOr aie Manufacturer's 
sulpha drug Specification Found 
(g) (8) 
Sulphadiazine 0.5 0.487 
Sulphathiazole 0.5 0.502 
Sulphaguanidine 0.5 0.479 
25 3.0 65a 4.08 4.55 50 Sulphapyridine 0.5 0.484 
____ Volume added in ml — Sulphamethazine 0.5 0.491 
. 1. Titration curve of sulphadiazine Sulphamerazine 0.5 0.478 
and butyl nitrite. 
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SUMMARY 


otentiometric titration with alkyl nitrite solutions is described for the determination of various 


pha drugs. : 3 
RESUME 


e méthode est proposée pour le dosage potentiométrique de dérivés sulfamidés, au moyen de 
rite d’alcoyle. 
ZUSAMMENFASSUNG 
chreibung einer potentiometrischen Methode zur Bestimmung von Sulfamiden mit Hilfe von 
ylnitrit. 
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OSZILLOPOLAROGRAPHISCHER NACHWEIS UND BESTIMMU vie 
VON JODAT UND PERJODAT 


A. BERKA unp J. DOLEZAL 
Lehrstuhl fiir analytische Chemie, Karlsuniversitat, Prag (Tschechoslowaket) 


(Eingegangen den 28. Oktober 1960) 


In letzter Zeit untersuchten wir die Méglichkeit eines einfachen und schnellen Nacl 
weises! und der Bestimmung? von Jodat neben Perjodat und umgekehrt. Diesé 
Problem ist wichtig nicht nur in der industriellen Praxis, wie z.B. bei der Erzeugun 
von Perjodsaiure und bei der Reinheitskontrolle der bereiteten Praparate, sonderm 
auch bei der Untersuchung der Oxydation von organischen Stoffen mit Perjodsau 
und ihren Salzen. j 

Bei der oszillographischen Untersuchung (Verfolgung der Kurven dV/dé = f(b 
der angefiihrten Stoffe hat es sich gezeigt, dass es mit der oszillographischen Methe 
méglich sein wird nicht nur einen verlasslichen Nachweis durchzufiihren, sondé 
auch beide Stoffe mikroquantitativ zu bestimmen. In der vorgelegten Arbeit wu 
ausserdem eine Methode ausgearbeitet, die die Bestimmung auch von sehr kle in 
Mengen Jodat in Perjodat und Perjodat in Jodat méglich macht. 


EXPERIMENTELLER TEIL 

Reagenzien 
Kaliumjodat, Kaliumperjodat (K1O4), Kaliumchlorid, Kaliumnitrat, Kaliumphi 
phat, Natriumperchlorat, Natriumazetat, Natriumsulfat, Kaliumkarbonat, Kaliu 
bikarbonat, Kaliumhydroxyd, Natriumhydroxyd, Chlorwasserstoffsaure, Schwef 
sdure, Phosphorsdure, Oxalsaure, Essigsaure (p.a. Merck und Lachema). (NHa)2Halk 
K4l209-9 H2O und NalO4-3 H2O wurden laboratoriumsmassig hergestellt*. 


Apparatur 


Zur Verfolgung der Kurven der Funktion dV /d¢ = /(V) wurden Elektronenréhr 
Polaroskope Krizik P524 und P576 verwendet. Die Dauer des Quecksilbertropf 
wurde mit einem mechanischem Tropfenabtrenner konstant gehalten. 

Die Kurven wurden mit einem Fotoapparat Praktina aufgenommen, mit ein 
Flexon Objektiv mit Blende r:2, mit Zwischenring, aus einer Entfernung von 25 
auf Agfa Rapid Film. Die Expositionszeit war 1/25 oder 1 [IO sec. 

Als Vergleichselektrode wurde eine gesattigte Kalomelelektrode, der Quecksilk 
boden oder eine Graphitelektrode angewandt. Entsprechend der Konzentration 
Ionen in der analysierten Lésung muss die Grosse des aufgezwungenen Stro: 


* ] , 
i ne react Dr. M. DrAtovsky vom Lehrstuhl fiir anorganische Chemie der Karlsunivers 
Tag, der uns diese Verbindungen zur Verfiigung gestellt hat. 
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wahlt werden. Sie soll “‘so klein als méglich” sein, damit keine Stérungen an der 
ecksilbertropfelektrode entstehen. 


ERGEBNISSE 


s oszillographische Verhalten von Jodat und Perjodat 

Wahrend in sauerem Medium (r M HCl, 1 M H2SO., 1 M HgPOu, 1 M Essig- 
ire und t M Oxalsdure) keine geeigneten Bedingungen fiir das Unterscheiden 
r beiden untersuchten Verbindungen gefunden wurden, wurde in neutralem, 
1wach alkalischem und alkalischem Medium gefunden, dass die Depolarisation von 
rjodat und Jodat bei der Verfolgung der Kurven dV/dt = /(V) sich durch klar 
sgepragte Einschnitte bemerkbar macht. In r M Lésungen von Natriumperchlorat, 
triumsulfat, Kaliumchlorid, Kaliumnitrat, Kaliumphosphat und Natriumazetat 
det Perjodat in dem kathodischen Teil der Kurve zwei Einschnitte, von denen der 
hr positiv gelegene (E = —o.1 V S.C.E.) der Reduktion von Perjodat zu Jodat 
tspricht, und der zweite, der bei negativen Potenzialen auftritt (E = —r.4 V 
).E.) der Reduktion von Jodat zu Jodid (Fig. 1). Die Reduktion von Jodat macht 


. I. Oszillogramme von Perjodat. (a) 5 ml 1 M KNOs; (b) 5 ml 1 M KNOs3 + 0.15 mlo.or M 
KIOg. 


nur durch einen einzigen Einschnitt bemerkbar, dessen Depolarisationspotenzial 
= —1.4 V) dasselbe ist wie bei dem zweitem, mehr negativem Einschnitt des 
jodats; das wurde durch die Vertiefung und Vergrésserung dieses Einschnittes 
ch Zugabe von Jodat zu einer Perjodatlésung bewiesen. Um sicher zu sein, dass 
kleinere, mehr positiv gelegene Einschnitt des Perjodats nicht durch eine even- 
lle Verunreinigung des verwendeten Praparates verursacht wird, wurden dieselben 
ssungen auch mit Lésungen von (NH4)2HsI0¢6, Kal209-9 H2O und NalOa-3 H20, 
laboratoriumsmissig bereitet wurden, durchgefiihrt. 

a bekannt ist, dass die Redoxpotentiale beider Systeme durch den pH-Wert 
influsst werden?, wurde im weiteren das oszillographische Verhalten beider Ver- 
dungen im Medium von Karbonatpuffern und alkalischen Hydroxyden unter- 
ht. 

n Lésungen von Karbonatpuffern von pH 8.4 bis 11.08 macht sich die Reduktion 
Perjodat und Jodat auf diesselbe Weise bemerkbar, wie im Medium von neutralen 
ktrolyten. Auf diese Weise ist es also nur moglich, Perjodat neben Jodat nachzu- 
sen. In allen Fallen ist es méglich, in 5 ml Elektrolyt 0.1 mg KIO. in Gegenwart 
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von grossen Jodatkonzentrationen nachzuweisen (Wechselstromkomponente: 0.2-0.6 
mA — entsprechend der Jodatkonzentration — Empfindlichkeit 3-5, Quecksilber= 
tropfelektrode-Bodenquecksilber). 

In Kaliumhydroxydlésungen werden mit wachsender Konzentration im Bereich 
0.2-5 M KOH beide Perjodateinschnitte weniger deutlich. Bei Hydroxydkonzentras 
tionen hoher als 2.5 / verschwindet praktisch der mehr negativ gelegene Einschnitt: 
(E = —1.4 V), wobei an dem kathodischen Teile der Kurve bei mehr negativen Poten= 
tialen eine Deformation in Form einer langlichen Ausbuchtung auftritt. Das Jodat 
bildet aber unter denselben Bedingungen im ganzen untersuchten Konzentrations= 
bereich des Hydroxyds einen scharfen, ausgepragten Einschnitt, dessen Potential sich’ 
praktisch nicht andert (E = —1.4 V). Das kann zum Nachweis von Jodat nebem 
Perjodat ausgeniitzt werden. In 5 ml 5 17 KOH kann 0.1 mg KIOs verlasslich nach- 
gewiesen werden. Bei Verwendung von Natriumhydroxyd als Elektrolyt (0.2-5 M 
NaOH) wurden praktisch dieselben Ergebnisse erzielt. Bei héheren Perjodatkonzen=! 
trationen entsteht zwar ein Niederschlag von Natriumperjodat, wodurch aber der: 
Nachweis von Jodat nicht in grdésserem Ausmasse beeinflusst wird. | 


Nachweis und Bestimmung von Perjodat in Jodat : 

Zum Nachweis und zur Bestimmung von Perjodat in Jodat kann als Elektrolyt: 
direkt die wisserige Lésung der zu analysierenden Probe angewandt werden. Die) 
Anwesenheit von Perjodat macht sich durch einen scharfen Einschnitt am kathodisi 
schen Teil der Kurve kenntlich, (E = —o.1 V S.C.E.), der derselbe ist wie der erst 


Einschnitt in anderen Lésungen neutraler Elektrolyte (Fig. 2). 


Fig. 2. Nachweis von Perjodat in Jodat. (a) 0.4 g KIO3 in 5 ml H20; (b) 0.4 g KIO3 + 0.46 ' { 
KIO, in 5 ml H2O. 


Arbeitsgang. Eine Einwaage von 0.8 g KIOs3 wird in einem Messkolben von 10 ft 
V olumen in destilliertem Wasser gelést und aufgefiillt. Nach volkommenem Durch 
mischen werden 5 ml in das elektrolytische Gefass abpipettiert, und nach Einschaltém| 
des Gerdtes wird die quantitative Auswertung entweder mittels der Methode dt | 
verschiebbaren Lichtachse, oder mittels der Methode der oszillographischen Kom 
parationstitration4 vorgenommen. | 


Aus dem Diagramm der Abhangigkeit der Einschnittiefe von der Perjodatkonzeéi 
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ation (Fig. 3) geht hervor, dass optimale Ergebnisse unter den gegebenen Bedin- 
ingen dann erzielt werden, wenn die Konzentration des Perjodats im Jodat im 
ereich von 0.05-0.17% liegt, d.h. dass eine Probe die mit einer héheren Perjodat- 
mnzentration verunreinigt ist bei der Bereitung der Lésung mehr verdiinnt werden 
uss, oder dass mit einer kleineren Einwaage gearbeitet werden muss. 


1 1 i 1 
0.20 040 O60 £0.80 1.00 
mg KIO, 


g. 3. Abhangigkeit der Tiefe des kathodischen Einschnitts des Perjodats von der Konzentration 
des KIO, in KIOs3 (0.4 g KIO3 in 5 ml H20). 


Der Fehler der Bestimmung bei Anwendung der Methode der verschiebbaren 
hse, unter den angegebenen Bedingungen iiberschreitet nicht + 10°% des Ergeb- 
sses. Bei Anwendung der Methode der Komparationstitration wird als Vergleichs- 
ktrolyt ein reines Jodatpraparat, frei von Perjodatspuren, verwendet: in diesem 
lle tiberschreitet der Fehler der Bestimmung nicht + 5% des Ergebnisses. 


achweis und Bestimmung von Jodat in Perjodat 

Fiir den Nachweis und die Bestimmung von Jodat in Perjodat wurde als der ge- 
netste Grundelektrolyt eine 5 7 Natriumhydroxydlésung verwendet, in der Per- 
at nur wenig léslich ist. Bei der Verwendung von Kaliumhydroxyd deformiert die 
he Perjodatkonzentration in der Lésung stark die Kurve der verfolgten Funktion. 
r Potentialbereich ist dabei stark beschrankt, und auch bei Anwendung der 
chsten Wechselstromstarken macht sich eine kleine Jodatkonzentration nicht durch 
en Einschnitt bemerkbar. Kaliumhydroxyd wurde also nur zur Lésung der zu 
alysierenden. Proben benutzt, durch Zugabe von Natriumhydroxyd wurde die 
rjodatkonzentration durch Bildung eines Niederschlages so weit herabgesetzt, das 
r Jodateinschnitt gut kenntlich wurde und zu der Bestimmung verwendet werden 


rbeitsgang. Eine Einwaage von r g Kaliumperjodat wird in einem 10 ml Messkolben 
5 ml 5 M KOH gelést, und nach volkommenem Durchmischen wird die Lésung 
nell mit 10 1 NaOH aufgefiillt. Nachdem wieder durchgemischt wurde, lasst man 
Niederschlag absetzen, 5 ml der Lésung werden in das elektrolytische Gefass 
au abgemessen und nach Einschalten des Gerates wird die quantitative Auswer- 
g entweder mittels der Methode der verschiebbaren Lichtachse oder mittels der 
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Methode der oszillographischen Titration vorgenommen. Optimale Ergebnisse werder 
dann erzielt, wenn die Konzentration von Jodat im Perjodat im Bereich von 0.2-19) 
liegt. : 

Der Fehler der Bestimmung ist in diesem Falle etwas grosser, + 10-20% de: 
Ergebnisses, denn der Jodateinschnitt wird durch eine hohe Perjodatkonzentration 
in der Lésung in gewissem Ausmasse beeinflusst (Fig.4) und seine Messung ist schwie= 
riger als im Falle der Bestimmung von Perjodat in Jodat. 


Fig. 4. Bestimmung des Jodats in Perjodat (0.8% K1O3 in K1Ou). 


ZUSAMMENFASSUNG 


Es wurde das oszillopolarographische Verhalten von Perjodat und Jodat in saueren, neutralen: 
und alkalischen Elektrolyten untersucht. Der Nachweis und die Bestimmung von Perjodat im! 
Jodat kann unter Verwendung von Jodat als Elektrolyt vorgenommen werden, der Nachweisi 
und die Bestimmung von Jodat in Perjodat unter Verwendung von 5 M Natriumhydroxyd als! 
Elektrolyt. : 


* SUMMARY 


The oscillopolarographic behaviour of periodate and iodate has been investigated in acid, neutral! 
and alkaline electrolytes. The detection and determination of periodate in iodate may be carried’ 
out using iodate as electrolyte and the detection and determination of iodate in periodate may be: 
carried out using 5 M sodium hydroxide as electrolyte. 


RESUME 


Les auteurs ont effectué une étude sur le comportement oscillopolarographique des periodate 


iodate, dans divers milieux. Ils proposent des méthodes de dosage et d’identification pour 
deux anions, l’un en présence de l’autre. 
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INTRODUCTION 


‘he radiochemical analysis of a mixture of radioactive materials such as fission 
roducts normally involves the following essential series of operations: 

(a) Addition to the sample of known amounts of carriers for the radioactive nu- 
lides to be determined. 

(b) Appropriate chemical treatment to ensure complete interchange between the 
aactive and active species. 

(c) Chemical separation of the required elements from each other and any inactive 
aaterials present in the mixture. 

(d) Rigorous radiochemical purification of each separated element to remove all 
races of active impurities. 

(e) Determination of the chemical yield of each carrier. 

(f) Determination of the radioactivities of each recovered element by one or more 
ppropriate counting techniques. 

A useful alternative to the above involves the use of a radioactive tracer for the 
uclide being determined instead of inactive carrier. The chemical yield is then de- 
srmined by a suitable counting technique which distinguishes the added tracer from 
he nuclide being determined. This method is essential in the determination of isotopes 
f elements having no stable forms and may be of use in other cases. Examples are 
he use of 287Np, which is an «-emitter, as a tracer for f-active 289Np, and of 788Pu 
s a tracer for 239Pu. In the latter case the two x-emitters are determined by pulse 
nalysis. 

Perhaps the most widely known examples of radiochemical analytical procedures 
re those described by various authors and published in compilations edited by Co- 
YELL AND SUGARMAN! and by MEINKE?. Since the issue of these publications nu- 
1erous similar methods have been described and a number of laboratories have issued 
olumes of collected radiochemical procedures?:4. In most of these procedures, the 
eight of carrier element added is 10-20 mg and the chemical yield is determined 
ravimetrically, the final precipitate being collected and mounted in a form suitable 
yr weighing and for counting. The whole of the recovered material is thus used for 
oth purposes. The techniques used in the chemical separations and purifications are 
nose of qualitative analysis using centrifugation instead of filtration ; solution volu- 
1es are usually below 15 ml and rarely exceed 50 ml, most of the work being carried 


Anal. Chim. Acta, 24 (1961) 481-492 


482 R. G. MONK, J. HERRINGTON } 
out in centrifuge tubes of these two sizes. The weight of the final precipitate obtained! 
is usually in the range 10-50 mg and is spread over an area of 2-10 cm?, the latter1 
varying from laboratory to laboratory and depending on the window size of the B-: 
counter used. If the compound finally weighed is of stable and reproducible compost- 
tion the accuracy of such a chemical yield determination is generally within the ranges 
0.5 to 2.0%. This is considerably better than the accuracy of the p-activity determined! 
by means of an end-window Geiger-Miiller counter, the standard instrument most 
used for this purpose until a few years ago, and is comparable with that of B-counting: 
with a gas flow proportional counter under ideal conditions. } | 

Sources of error in absolute 6-counting with end-window Geiger-Miiller tubes have: 
been discussed by a number of authors®-8 and the general conclusions at that time: 
(1950) was that after correcting for all possible errors the accuracy attainable was nott 
better than about 5-10%. One of the main causes of error is that due to ora 


or absorption of f-particles by the solid matter associated with the source. For a giv 
amount of activity the effect of adding increasing amounts of inactive carrier is firs 


tially. The initial increase in counting rate is due to scattering of f-particles in the: 
direction of the counter window by the solid carrier material and the subsequent fa 
occurs when self absorption becomes sufficiently great to outweigh the primary: 
scattering effect. 
The source thickness at which the maximum occurs varies widely with the max 
mum energy of the f-particles emitted. Consequently, the correction factors for a! 
particular weight of carrier also vary widely with the f-particle energy. As an example 
the ruthenium isotopes 1°3Ru (0.217 MeV) and 1°6Ru (2.00 to 3.53 MeV from 1°6Rh 
daughter) may be mentioned. The correction factors in a particular set-up for 2¢ 
mg/cm? of a ruthenium source containing these species were 2.06 and 0.78 respec= 
tively. 
The accuracy of a radiochemical determination cannot be better than those of the 
correction factors, and experience showed that the accurate determination of thesé 
was a matter of some difficulty. In view of the variation and inaccuracy of sucl , 
factors, therefore, it was decided that an effort should be made to reduce the weight: 
of radioactive sources to a minimum. One way of doing this is to take sufficient of th 
original active sample so that a small aliquot of the separated and purified nuclid 
gives, on evaporation, a virtually weightless source. The chief disadvantage of thi 
procedure is the large initial sample needed. The main bulk of each species separate 
must be used for the gravimetric chemical yield determination and the highly activ 
dry precipitates so obtained could constitute undesirable sources of laboratory con 
tamination and possible health hazard. In the case of samples of low activity thi 
procedure is not possible as it is then necessary to count most of the recovered material 
From the above considerations it was decided that the best solution lay in th 
reduction to a minimum of the amounts of carrier used in radiochemical separations 
ce bain investigated the feasibility of carrying out such separations using 0.5 
§ amounts of carrier and it is the purpose of this paper to consider the problem 


that arise and to describe the experimental methods that we have used under thes 
conditions. 
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EXPERIMENTAL 


eparations on the I-mg scale 


Preliminary experiments were carried out involving the separation of the constit- 
ents of an inactive mixture of I mg of each of the elements, strontium, zirconium, 
nolybdenum, silver, barium and cerium by conventional precipitation procedures. 

Silver was first separated as chloride and cerium and zirconium hydroxides pre- 
ipitated with ammonia. After the hydroxides had been dissolved in dilute nitric acid, 
erous fluoride was precipitated by the addition of ammonium fluoride and zirconium 
ecovered from the supernate by precipitation with ammonia after fuming with 
erchloric acid to remove hydrofluoric acid. 

The ammoniacal solution of barium, strontium and molybdenum was treated with 
mmonium carbonate to precipitate barium and strontium. Molybdenum was then 
recipitated with «-benzoinoxime after acidification, and the barium and strontium 
eparated by dissolving the carbonates in a little hydrochloric acid and precipitating 
arium chloride with a solution of 5 vols. concentrated hydrochloric acid and r vol. 
ther. 

Each separated element was then subjected to an appropriate radiochemical puri- 
ication process by the methods of HuME, GLENDENIN, BALLoU AND BOoLDRIDGE!. 
‘olumes of all solutions and quantities of reagents used were reduced to 1/10 or 1/20 
f those specified in the original methods according to whether these employed ro or 
O mg carrier. 

No difficulties were experienced in these experiments which employed only pre- 
ipitation reactions. Since then separations on the milligram scale have been carried 
ut on a large number of elements, including most of the fission products, and we have 
und that ion-exchange and solvent extraction techniques, where applicable, to be 
articularly suitable at this level. 

The techniques used with 1-mg quantities of carrier do not differ markedly from 
rger scale procedures. As solution volumes are 1/10 or less of those used for 10-mg 
ounts, most of the work can be done in 3-ml centrifuge tubes, though ro-ml tubes 
ay be needed in the earlier stages of an analysis of a mixture of radio-nuclides and 
r the handling and efficient washing of bulky precipitates such as molybdenum 
benzoinoxime. We have found 10 x 75 mm test tubes to be very convenient and 
ese are used in conjunction with a Eureka centrifuge. This is a simple and inex- 
nsive centrifuge which takes two tubes and has the advantage of very rapidly 
aching full speed form rest and vice versa. The speed is not very high but is adequate 
r most purposes. Where a high speed is necessary to separate a fine precipitate the 
aird and Tatlock Angle Head Centrifuge is used. This takes 6 tubes and gives a 
aximum speed of 10,000 r.p.m. 

Solvent extractions using about 1-ml volumes of solvent and aqueous phases may 

carried out conveniently in 3-ml tubes. For extractions which proceed rapidly (e.g. 
anium into ether, metal diethyldithiocarbamates into chloroform) sufficient agi- 
tion is given by the device known variously as a transfer pipette, fountain pen filler 
“spitzer’’, i.e. a glass tube drawn out into a jet at one end and fitted with a rubber 
at at the other. Slow extractions (e.g. complexes of thenoyl-trifluoracetone into 
nzene) are carried out in sealed polythene ampoules which are mechanically shaken®. 
n-exchange separations are generally carried out on columns 4-5 cm long and 
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4 mm in diameter, which are convenient for handling quantities varying betwee i 
tracer and 1 mg as there is seldom more than a total of 4 mg of mixed carriers actual 
adsorbed on a column in one experiment. The most generally useful system involves: 
Amberlite CG 400 anion resin and hydrochloric acid solutions, and a great deal of in- 
formation about the behaviour of elements in this system is due to the work of Kraus} 
AND NELSON. Such separations utilise large differences in distribution coefficients) 
between elements and need only the simplest of apparatus. 


Determination of chemical yield and source preparation 
The feasibility of radiochemical separations and purifications with I-mg amounts) 


This problem had to be considered in relation to the method of source preparation.| 

When the work was started it was considered desirable to minimise back-scatte 
of B-particles by mounting sources on a light backing and for this purpose 0.0005 inch 
distrene foil, having a superficial density of 1.5 mg/cm? was used. This is stretc 
over a I-inch diameter circular hole in a 3 Xx 33/s inch aluminium card and attac 
to the latter by adhesive. Sources are prepared by evaporation of known amounts off 
an aqueous solution of the radioactive material on the distrene, a small amount of 
insulin being used to spread the solution over a circle of about 4 inch diameter. At a 
later stage B-counters were calibrated for various emitters by direct comparison wit 1 
4m gas and proportional counting and back scattering was no longer important. How=) 
ever, the above method of source preparation was found to be so convenient and the 
resulting sources proved to be so rugged that the procedure has been continued and: 
is still in use. 

Out of an initial 1-mg carrier added, up to about 0.5 mg may be present on thé 
active source finally prepared. Even at this level the effect of solid source material 
on the f-count rate cannot be neglected and it is therefore still necessary to determin 
correction factors over a range of source weight for each nuclide counted. For weights) 
between 0.5 mg and zero these factors are usually between 0.9 and 1.0; if sufficien 
activity is available sources containing less than 100 wg carrier may be prepared an 
here correction factors are very nearly unity. It is evident that the classical method) 
of counting and determining the chemical yield gravimetrically on the same preci] 
itate is not possible under these conditions. Counting and chemical yield detern 
nations must, therefore, be carried out on different portions of the purified materia 
If the separated activity is low it may be necessary to count as much of the samp 
as possible. This only leaves, at the most, about 200 mg of carrier for chemical yiel 
determination and it is therefore desirable that the chemical yield methods should 
sufficiently sensitive to determine a few tens of micrograms of each element with é 
accuracy of r or 2%. The procedures should be quick and simple to carry out so thé 
it 1s possible to do replicate determinations with the minimum of time and troubl 

The above requirements have been met by spectrophotometric and micro-titratit 
procedures, the latter employing spectrophotometric end-point detection. It is, 
course, desirable that the method used for a chemical yield determination should | 
specific for the element concerned. This is not always possible, however, and then 
becomes necessary to use the same method for a number of different elements. In su 
case one must rely heavily on the radiochemical purification process to remove inté 
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ring elements. This is generally adequate for the purpose but, if not, it may be 
cessary to introduce a step designed to remove a specific contaminant which may 
ive been present in the original sample or introduced in the course of the radiochem- 
try. The possibility of impurities in the reagents used must also not be overlooked. 
After purification of an element the material is finally obtained in solution, the 
tal volume of which is adjusted to between 0.1 and 6 ml according to the total 
tivity present. Occasionally it may be necessary to prepare a dilution if the activity 
sufficiently high. Originally, portions for counting and chemical yield were measured 
/ micro-pipette but it was soon found that the use of a weight burette in conjunction 
ith a damped, weight-loading balance afforded a rapid, accurate and much more 
-xible method of dispensing solutions. The most convenient vessel for use as a weight 
irette has been found to be a blown polythene ampoule® with the neck drawn out 
to a capillary jet. The weight is about 2 g and the volume held about 6 ml. Filling 
id emptying are easily effected by squeezing and very fine control of delivery of 
‘ops is possible. The contents may be stored without loss by evaporation if the end 
the jet is closed by means of a pair of tweezers whose tips have been heated for 
few moments in a flame. 

The same type of vessel is used for storing carrier solutions which are also dispensed 
y weight. These are prepared at a concentration of 10 mg of element per g of solution 
id from each an accurate dilution containing 200 wg per g is prepared. The dilute 
lution is stored in a sealed 50-ml polythene ampoule and portions are weighed out 
r standardisation at the same time as chemical yield samples. 

Chemical yield determinations involve purely relative measurements and absolute 
ndardisation of carrier solutions is not, therefore, necessary. The weight of carrier on 
e source may be required for determining the counting correction factor due to finite 
rce weight but as this only needs to be known to about 10%, it would be sufficient 
prepare the carrier solution to this accuracy. In spite of this we consider it desirable 
at carrier concentrations should be known to at least 1%, as this enables a constant 
eck to be maintained on the functioning of the methods. Consequently, wherever 
ssible, carrier solutions are prepared accurately by weight from suitable standard 
pounds having compositions known to be within 1% of theoretical. In other cases 
. Ziconium) the carrier solutions are standardised by a suitable gravimetric method. 


ectrophotometric methods 

he accuracy of a spectrophotometric procedure depends on the absorbancy of the 
ution being analysed and it may be shown!! that, if Beer’s Law is obeyed, it is 
aximum at an absorbancy of 0.434 and varies only slightly between 0.2 and 0.7. 
his calculation is based entirely on the relation between absorbancy and the de- 
iction of the null indicating instrument of the spectrophotometer. To minimise 
hnk errors we prefer to keep absorbancy readings high rather than low and aim at 
jlues between 0.4 and 0.7. In designing a chemical yield method, therefore, the final 
ume of coloured solution and the cell length are chosen to give absorbancies in 
ls range with a few tens of micrograms of element. 

he instrument used for most measurements in a Unicam SP600, a glass prism 
ctrophotometer operating between 360 and 1000 my. The 4-cm cell needs a mini- 
of 8 ml solution and the largest volumetric flask which need be used, therefore, 
to-ml. 
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A list of spectrophotometric methods which have been found suitable for chemic 
yield determinations is given in Table I together with other relevant informa 


and references. 


PABICE ae 


SPECTROPHOTOMETRIC METHODS 


Solution Cell Me ae oh ey ae R 
Element Method volume length absorbancy (mu) 
(ml) (cm) of 0.5 
12 Molybdenum blue 25 I 38 830 
V Phosphotungstic 10 4 34 400 
acid 
Mn Periodic acid 10 2 oy 5329 
Fe Thioglycollic 25 4 2 550 
acid 
Co Thiocyanate 10 4 45 620 
Ni Dimethylglyoxime 25 2 36 450 
Ge Molybdenum blue 25 4 36 830 
As Molybdenum blue 25 I 38 830 
Ne Bromopyrogallol 25 I 23 660 
red 
Zr Quercetin 25 I 42 440 
Mo Thioglycollic 25 4 56 305 
acid 
Ru Dithio-oxamide 25 4 36 650 
Rh Stannous chloride 10 4 42 480 
Sn Morin 20 2 56 430 
Sb Iodide 10 4 50 425 
Ce Bromopyrogallol 25 I 31 680 
red 
Rare Bromopyrogallol 25 i 36 660 
earths red 
Au Hydrobromic acid 10 4 63 380 
Bi Iodide 25 4 30 460 


Micro-titration methods 


In titrations at the microgram level the indicator blank is a substantial fractiot 
the total titration and judgement of the end-point is difficult. Consequently inst 
mental procedures must be used, and we have employed potentiometric and spect 
photometric end-point detection. Micro-burettes of the micrometer syringe type 
convenient and accurate and we have generally used the “‘Agla’”’, made by Burrow 
Wellcome Ltd. A maximum volume of 0.5 ml of solution may be delivered and 
accuracy of rading is 0.0002 ml. In use, the glass jets supplied by the makers 
replaced by home-made polythene ones which have the advantages of not being wet 
by aqueous solutions and of being unbreakable. 

A potentiometric end-point is employed in the determination of silver by titrat 
With 0.002 M potassium iodide and of iodine as iodide by titration with 0.00: 
silver nitrate. The bimetallic electrode system of Clark}? is used, consisting of 
silver wires, one of which is amalgamated. The potential change at the end-poir 
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ue mainly to the sluggishness of the response of the amalgamated electrode to changes 
. silver ion concentration. The titration is carried out in 2~3 ml of 0.1-0.2 M nitric 
cid solution which is contained in a 5-ml tall form beaker and stirred magnetically. 

The Schwarzenbach method, adapted for spectrophotometric operation, is used for 
1e determination of calcium, strontium, zinc, cadmium, barium and lead, the element 
eing titrated with 0.0025 M disodium dihydrogen ethylene-diaminetetracetate 
DTA) using Solochrome Black W.D.F.A. (Eriochrome Black-T) as indicator. The 
tration is carried out in about 7 ml of ammoniacal solution in the presence of magne- 
um—EDTA complex to ensure an adequate colour change in the titration of barium 
ad strontium which give only weak complexes with the indicator. In the titration 
f lead a little ammonium tartrate is added to prevent hydroxide precipitation. 

The wave length used is 550 my, at which the absorption by the metal indicator 
omplex is a maximum. The initial absorbancy, when all the indicator is combined 
ith metal, is measured and the solution titrated to an absorbancy of 0.75 times this 
alue. At the end-point half of the indicator is combined with metal and half is un- 
omplexed. If no volume change occurs the ratio of the initial to end-point absorbancy 
as been found to be 0.78, and the factor 0.75 includes a correction for the volume 
hange during titration. 

The titration unit, designed to fit into the cell carriage compartment of the SP600 
shown in Figs. 1, 2 and 3. It is constructed mainly of !/s-inch perspex sheet, black- 
ned on the top surfaces to exclude stray light from the interior of the instrument, 
nd consists of two main parts A and B, with a perspex cell C which has a light path 
2 cm and is 3 cm high and 1.8 cm wide. 

Part A, the upper assembly, carries the cell and Agla burette. The end of the plunger 
d face of the micrometer are held in contact by the tension of a thread fastened 


Fig. 1. Micro-titration unit assembled for use. 
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at one end to a collar holding the plunger and which passes over a cylindrical nut an 
supports a weight hanging at the other end. The cell C has flanges along two of i 

upper edges which slide into grooves provided in the holder attached to the botton 
of A. Part B, the lower assembly, fits into the cell carriage compartment of the spectre 


Fig. 3. Micro-titration unit. Enlarged view of magnetic stirrer. 


: eee “ remains m position during a series of titrations. In its base is fitt 
ile as shown in Fig. 3, consisting of a small 3-4 V electric motor (t 
ectrotor Type 240 is suitable).which is mounted upside down and held by 
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nindle. A piece of phosphor bronze strip is soldered to one of the two motor contacts 
nd brushes the surface of a brass ring set into a perspex block which also holds the 
sindle. The other contact is made via the grub screw holding the spindle in the per- 
»ex block, the spindle itself and a strip of brass soldered to the top of the motor and 
1 rubbing contact with the top of the spindle. Also attached to B are the switch and 
ariable speed control resistance which are connected in series with a 3-V battery and 
1e motor via the brass ring and spindle. When the current is switched on the motor 
ody rotates around the spindle, and rotation of the field magnet drives the stirrer, 
hich consists of a short piece of steel wire sealed in polythene, at the bottom of the 
ll. 

When the unit is in position inside the SP600 the light beam passes centrally through 
1e cell, the bottom of the beam being well clear of the rotating stirrer and burette jet. 


ecuracy of radiochemical procedures and chemical yield methods 


The coefficients of variation of radiochemical procedures for determining 9®Mo, 
1Ag, 115Cd and 14°Ba using 0.5 to 1 mg of carrier are given in Table II. These have 


TABLE II 
JEFFICIENTS OF VARIATION OF CHEMICAL YIELD METHODS AND OF COMPLETE RADIOCHEMICAL 
PROCEDURES 
Chemical yield procedure es Complete a procedure 
Element Nuclide = 
10 k Lins le k mn 

Co BZ 22 56 
Ni 12 33 67 
Si I.1 61 134 
Ng 1.2 48 103 
Zr r.2 39 97 
Mo 1.0 56 119 99MO 3.6 36 221 
Ru gl 34 80 
Ag 0.8 51 II4 1llAg 3-4 22 IOI 
Cd 1.0 67 143 115Cd 5.1 2 164 
Ba fo) spit 146 140Ba 5.6 34 172 
Ce 1.0 61 139 
Rare earths ne) 64 133 
(Pr, Nd, Sm, 
Eu, Gd, Tb) 


en calculated from the results of 2 to 11 replicate determinations on a number of 
ferent samples of solutions of mixed fission products. Similar calculations have been 
de for some chemical yield methods using the results of 2 to 4 replicate determina- 
ns on carrier and on the purified active solutions obtained after radiochemical 
arations. These results are also given in Table IT. 

The figures are realistic and were obtained in routine analyses ; 18 different chemists 
re concerned in the radiochemistry and g in the chemical yield determinations. 
The method of calculation was a follows: From each set of replicates on each sample 
standard deviation was calculated and hence the coefficients of variation. The 
rmal method of calculation was used for 4 or more observations but when only 2 or 3 
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results were available the method of small number statistics!3 was used. This involves: 
multiplying the range by 0.89 or 0.59 for 2 or 3 results respectively to give the standard © 
deviation, and gives a rather higher figure than the normal method. 
If wi (i = 1 tok) are the individual values of the coefficient of variation, each bei 
calculated from m; observations, then the best value of the coefficient of variation wi, 


LNifti? 
es ee 


where & signifies summation between the limits of 7 = 1 and = &. kis the number t 
of different samples examined and 2%; the total number of determinations made. 
wis the coefficient of variation of a single determination. 

The chemical yield determination involves replicate determinations of the concen- 
trations of two solutions, the carrier and the final active solution, and a calculation 
involving the ratio of the two concentrations. Using the normal formulae for determin= 
ing the standard deviation of arithmetically combined quantities it is readily shown 
that the coefficient of variation of a chemical yield is about equal to w when the de 
termination of each concentration is carried out in duplicate, and less than ~% when} 
more replicates are done. In general, therefore, we should not expect the coefficient’ 
of variation of a chemical yield to be worse than the values given in Table II. 

The radiochemical procedures used were those of GLENDENIN AND BALLou!, and! 
most of the measurement of f-activity were made with gas flow proportional counter, 
of either 4 a or end-window type, a 9:1 mixture of argon and methane being used | 
as counting gas. Some results from Geiger-Miiller counters are also included. Unde 
our conditions of use, in which frequent checks were made with long lived standard 
sources (?°4T]) and appropriate corrections made for counter variation, no significant 
difference in accuracy between the Geiger-Miiller and the more stable proportioné 
counters was observable. 

The results for the radiochemical determinations of 99Mo, 1Ag, 115Cd and 140 
show that the contributions made to the overall errors by the chemical yield pra 
cedures are insignificant. We attribute the major source of error to 6-counting. Recen 
results!® of careful intercomparison of 4 a B-counting techniques between variou 
laboratories in the U.K., Canada and U.S.A. gave coefficients of variation of up t 
3%- This work was carried out with virtually carrier free sources of 6°Co, 22Na an 
*°Sr-*Y and we would expect a greater variation than this under our routine cor 
ditions with rather thicker sources. 


is given by!4 


DISCUSSION 


The micro-techniques for radiochemical analysis described above have been in routir 
use in this Establishment since 1954. The reasons for their adoption have been dea 
with in the Introduction but in use other advantages quickly became apparent. The: 
are: 
: (a) Reduction in space and volumes of reagents needed. This is of particular valu 
in utilising space in active fume cupboards which never seem to be large enough ft 
radiochemical work. 


(b) Elegance and speed. The use of small volumes of solution saves time, parti 
ularly in evaporation. 
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(c) Flexibility and replication. By weighing out portions of the final solution opti- 
1um amounts for counting and chemical yield may be obtained. Also, errors may be 
unimised by replication of chemical yield determinations and preparation and count- 
ig of sources. 

(d) Adequate accuracy of chemical yield determination even when the yield is very 
yw, as occasionally happens. In the worst cases all the material may be counted and 
1e chemical yield determined on the source when this is finished with. 

(ce) If x-emitters are to be determined on the same sample it is of advantage to 
ave the minimum total solid material present to ensure the production of as thin 
-sources as possible. 

Difficulties could arise in the application of these techniques in exceptional cir- 
umstances. The only case we have experienced has been in the determination of 
ctive strontium isotopes in occasional samples containing much calcium, when the 
udiochemical procedure has not been quite adequate to remove all the calcium, 
iving erroneously high chemical yields. This can be overcome by modifying the 
rocedure, but the radiochemical analysis of any samples containing much solid 
jaterial should be carefully considered to ensure adequate chemical as well as radio- 
nemical purification. The possibility of the presence in the sample of the stable forms 
f radio-nuclides being determined should be borne in mind also, as erroneous chem- 
al yields could result. In such cases chemical determinations of the elements in 
uestion must precede radiochemical analysis. 

The further reduction of carrier weight by a factor of 10 would allow the virtual 
imination of source weight corrections in /-counting in all but the very softest of 
nitters. At the 100-yg level precipitation reactions become less useful as it is not 
racticable to reduce solution volumes below the present minimum of I-2 ml and 
ence solubility begins to limit the chemical yields attainable. One way out of this 
ety has been described by Rupstam?4 who carried out radiochemical separations 
ith 100 wg carrier and used spectrophotometric methods for determining chemical 
ields. Precipitations were made with the help of several milligrams of non-isotopic 
rriers which were then separated from the wanted nuclide and its isotopic carrier 
BS sprints stages of the analysis. This technique is of somewhat limited application 
ad the more extensive use of ion-exchange and solvent extraction procedures would 
robably be more fruitful at the 1oo-ug level. 

Another requirement for radiochemical analysis with 1oo-wg quantities of carriers 
greater sensitivity in chemical yield methods. To retain the desirable feature of 
plication of chemical yield determinations methods are required which will give 
1e required accuracy of 1-2% with about 5 wg of element. It is hoped to describe 
suitable procedure based on micro-coulometry in a forthcoming paper. 


SUMMARY 


echniques used at A.W.R.E. during the past 6 years for the radiochemical analysis of mixtures 
active nuclides using 0.5- to 1-mg quantities of carrier are described and their advantages dis- 
issed. Micro-methods are listed for chemical yield determinations by spectrophotometry and 
icro-titration, and details are given for the micro-titration of a number of elements with EDTA, 
sing a spectrophotometric end-point. A special fitment is described to enable the Unicam SP600 
yectrophotometer to be used for micro-titrations. Some values are given for the coefficients of 
wriation obtained in typical chemical yield methods and in overall radiochemical determinations 


9Mo, 1114Ag, 115Cd and 14°Ba. 
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RESUME 


Les auteurs font un exposé des techniques utilisées au cours de ces six derniéres années pour leurs + 
recherches dans le domaine de l’analyse radiochimique de mélanges de radio-isotopes. Des micro 
méthodes titrimétriques et spectrophotochimiques sont proposees. 


ZUSAMMENFASSUNG 


Es wird ein Ueberblick gegeben iiber die in den vergangenen 6 Jahren angewandten Methoden 
bei der radiochemischen Analyse von Gemischen von Radio-Isotopen mit besonderer Beriick 
sichtigung von Spektrophotometrie und Mikrotitrationen mit EDTA. | 
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Short Communications 


La détermination du tungsténe en présence de vanadium 


ins un article précédent!, nous avons recommandé la cinchonine et la B-naphto- 
inoline comme réactifs gravimétriques pour la détermination quantitative du 
ngsténe. Comme le vanadium est un élément du méme groupe, nous avons étudié 
ifluence du vanadium sur cette détermination gravimétrique du tungsténe. 

Nous avons employé une méthode directe analogue a celle indiquée dans I’article 
ntionné, et obtenu les résultats suivants pour différentes quantités de vanadates 
présence de tungstates. 


TABLEAU I 

Réactif Cinchonine ~ B-Naphtoquinoline 

Viw mg | mg V205 ea meg | mg V20s % 

2. 356.3 40.9 +13.0 354-2 38.8 +12.3 
I 337-3 21.9 + 6.9 336.8 21.4 + 6.8 
0.4 320.5 LTE Si. 325.9 10.5 So Bes! 
0.2 325.2 9.8 + 3.1 324.7 9.3 + 3.0 
0.08 323-4 8.0 + 2.5 322.9 7.5 + 2:4 
0.04 32m 5-7 + 1.8 320.6 5.2 + 1.6 


es résultats démontrent que la présence de vanadium donne lieu a une forte co- 
cipitation, par laquelle les deux réactifs ne peuvent étre employés dans la méthode 
ere. 

ne coprécipitation analogue du molybdeéne a été observée dans un article précé- 
t? et a pu étre minimalisée par l’emploi d’une méthode décrite en détail dans 
ticle mentionné. En employant la méme méthode pour des mélanges de tungstates 
de vanadates, nous avons obtenu les résultats suivants (Tableau II). 


TABLEAU II 
V/w mg |, mg V20s % 
2 173-1 1.0 0.58 
0.8 173.0 0.9 0.53 
0.4 T7207 0.6 0.35 
0.16 172.3 0.2 0.12 


es résultats démontrent que les phénoménes de coprécipitation du vanadium peu- 
t étre minimalisés en effectuant une double précipitation en présence d’acide 
ique et de perhydrol et en employant la 6-naphtoquinoline comme réactif. De 
e maniére, il nous a été possible de déterminer la teneur en tungsténe a 0.6% prés 
résence d’une quantité double de vanadium. 


oratoive de Chimie Analytique, A. CLAEYS 
tuersité de Gand ( Belgique) 


Crarys, Anal. Chim. Acta, 17 (1957) 360. 
Crarys, Anal. Chim. Acta, 19 (1958) 114. 


tu le 23 janvier 1961 
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Spot test for benzylamine and p-nitrobenzaldehyde* 


ISOMERIZATION EFFECTS THROUGH FORMATION OF A p-QUINOID NITRONIC ACID 


If a colorless diluted alcoholic solution of p-nitrobenzaldehyde and benzylamin 
treated with alkali hydroxide and warmed, an intense red-brown color appears. 
color reaction is obviously due to the formation of the Schiff base (I) that was first 
isolated by INGOLD AND Piccot?: 


LS ~_ Be ales YH Qe PVs Sue: 

O2N~C ae CHO - H2N CHe ee; aa OoN ony 2 Nces + 
(1) 

This product undergoes prototropic rearrangement in the presence of alkalis to gi 

a p-quinoid nitronic acid salt (II): 


Soho Oe teeta es Var N 
oes ae pee Ne cu< 


(11) 


The intense color quality of (II) doubtless is due to its chain of f-quinoid and co 
jugated double bonds. 

Since all of the reactions essential to the formation of the highly colored alkak 
salts of the £-quinoid nitronic acid occur rapidly and with small amounts, a spot test 
for the detection of benzylamine and p-nitrobenzaldehyde has been developed ' 
this basis. 


Detection of benzylamine 


A drop of the test solution, in alcohol if possible, is treated in a micro test tube 
a drop of a saturated alcoholic solution of p-nitrobenzaldehyde and kept at 80 
a preheated water bath. After 5 min a drop of 2% alcoholic sodium hydroxi 
solution is added. If the response is positive, a brown-red color appears. 

Limit of identification: 10 wg benzylamine. 

Considerable quantities of ethylenediamine**, p-aminophenol or hydrazine deri 
atives a free NHe-group may not be present since they form condensation produ 


with p-nitrobenzaldehyde which likewise yield colored salts of quinoid nitronic acl 
with alkali hydroxide. 


Detection of p-nitrobenzaldehyde 


A drop of the test solution is treated in a micro test tube with a drop of benzylami 
and warmed for 5 min in a water bath. If p-nitrobenzaldehyde was present, a 


- Soe by Ralph E. Oesper, University of Cincinnati. 
‘thylenediamine can be detected through its color reaction with rhodizonic acid?. 
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pink color appears when a drop of 2% alcoholic potassium hydroxide solution is 
ded. 

Limit of identification: 1 ug p-nitrobenzaldehyde. 

[his color reaction is not shown by o- and m-nitrobenzaldehyde or by 2,4-dinitro- 
ozaldehyde. 

In neither test is it permissible to use the now popular solvent, dimethylformamide, 
ce it gives a color reaction with nitro compounds. 

The chemistry of the test here described deserves attention because it leads to a 
se of hitherto unique isomerization. It is obvious that the salt (II) may also be ob- 
ned through prototropic rearrangement of the Schiff base of benzaldehyde and 
uitrobenzylamine (Ia), which is an isomer of the Schiff base (I), as shown by the 
lowing formula: 


(La) 


nsequently it was logical to expect that treatment of the alkali salt(II) with dilute 
d would produce initially a mixture of the two isomeric Schiff bases (I) and (Ia), 
m which by acid hydrolysis there will result the regeneration of all of the compounds 
sessary to the production of both the isomers (I) and (Ia), namely benzylamine, 
litrobenzaldehyde, benzaldehyde, p-nitrobenzylamine. This actually is the case as 
ywn by the following trial with the pair p-nitrobenzaldehyde—benzylamine. 
A micro test tube was used. Several cg of f-nitrobenzaldehyde and benzylamine 
alcohol were warmed briefly; alkali hydroxide was added, and the system was 
n allowed to stand for 1 h. The resulting brown-red solution was then warmed 
40° along with dilute hydrochloric acid, and the mouth of the test tube was covered 
ch a disk of filter paper moistened with an ether solution of benzidine. A yellow 
in appeared on the reagent paper; it was due to the Schiff base formed from the 
Pidine and the benzaldehyde vapors. p-Nitrobenzaldehyde does not volatilize 
er these conditions. 

he isomerization through formation of alkali salts of quinoid nitronic acids and 
ir acid decomposition indicates possibilities for preparation procedures directed 
ard the obtaining of substituted p-nitrobenzylamines. 


oratorio da Producado Mineral, Ministério da Agricultura, 
de Janeiro ( Brazil) FRITZ FEIGL 
earch Laboratory Lobachemie, Vienna (Austria) VINZENZ ANGER 


. K. Incotp anv H. A. Piaeot, J. Chem. Soc., 121 (1922) 2385. 
. Fetct anp H. E. Fercu, in F. Fercr, Spot Tests in Organic Analysis, 6th ed., Elsevier, 


msterdam, 1960, p. 437. 
eived January 17th, 1961 


his Schiff base has also been isolated by INGoLD aNnpD Piccort!. Its melting point is 71°, in 
rast to 56° of its isomer. 
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Observations on the thermal decomposition of cupric acetate 
monohydrate 


a = ey ites telnet 


The thermal decomposition of cupric acetate monohydrate has been studied thermo: 
gravimetrically by DuvaL!. The elimination of water of hydration was shown by a 
weight loss starting at 107° and concluding at 167°. Further, a complex reaction was 
reported which was interpreted to result in the formation of copper and cupric oxide 
and was initiated at 270° and was complete by 296°. A subsequent slow weight gain 
up to 510° was associated with the oxidation of metallic copper. 

This reaction appeared to be unusual as the copper coexisted in the divalent state 
and as the free metal. The application of other techniques — differential thermal 
analysis, X-ray analysis, and mass spectrometry — to the phenomenon could shet 
more light on the thermal decomposition. 


EXPERIMENTAL 4 


The differential thermal analysis apparatus employed was of two types: (z) that 
manufactured by the R. L. STONE Co.?, Austin, Texas, and (2) that described by. H1L 
SCHACHER AND Murpuy?. The latter equipment permitted the analysis of the gaseot 
products evolved during the reaction to be collected and analyzed. Good agreemer 
was obtained with thermograms produced with both equipments. The thermogran 
were obtained from approximately 20 mg of material employed as a sandwich 
alumina. Heating rates of approximately 10° per minute were employed. An a 
atmosphere was employed in all cases, the pressure being approximately 0.5 mm. X-ra 
diffraction patterns were obtained on a General Electric Model XRD-5 X-ray spectr 
graph. Gas analyses were performed using a General Electric Analytical Mass Spee 
trometer. Materials employed were of a C.P. grade. 


DISCUSSION 


The thermogram of cupric acetate monohydrate, Fig. 1, shows the release of water 
of crystallization starting at about 145° and peaking at approximately 180°. A seri€ 


| bes 


Db 
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Fig. 1. Differential thermogram, cupric acetate monohydrate. 
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complex reactions were initiated in the range 245-450°. Thermograms for cupric 
ade and its 50-50 mole % mixture with copper showed no thermal effects in the 
mperature range covered by Fig. r. 

A gas sample was obtained from the second differential thermal analysis apparatus 
point C indicated on the thermogram. The mass spectrum indicated the gas to be 
‘incipally carbon dioxide with a substantial amount of water. Very small quantities 
acetone and methane were also present. It was interesting to observe that there 
as no residual oxygen in the air background, indicating occurrence of an oxidation 
action with the unusual decomposition. 

X-ray analyses were made of sample holder residues obtained by stopping the dif- 
rential thermal runs at points A and B. The residue at B gave only lines correspond- 
g to cupric oxide. At point A, the X-ray diffraction pattern corresponded to a mix- 
re of cuprous oxide and copper metal. 


neral Engineering Laboratory, J. A. Hirt 
emeval Electric Co.., C. B. MurPHY 


henectady, N.Y.(U.S.A.) G. P. SCHACHER 
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2paration of niobium and tantalum by N-benzoyl-N-phenylhydroxyl- 
amine 


-Benzoyl-N-phenylhydroxylamine was used by MAJUMDAR AND MUKHERJEE! for 
e separation and gravimetric determination of niobium and tantalum. They re- 
mmended a pH range of 3.5 to 6.5 for the complete precipitation of niobium and 
pH below 1.5 for the precipitation of tantalum from tartrate solutions. 


TABLE I 
pH of Nb205 Ta20s Coagulation Wt. of Nb Nb20s Ta20s 
pptn. taken, taken, period, complex, found, found, 
of Nb mg mg min mg mg mg 
3.0 8.7 12.7 30-35 — 8.2 12.84 
3-5 8.7 L207 30-35 48.4 8.635 12.6 
4.0 8.7 12.7 30-35 48.6 8.67 12.6 
4.0 12.4 5.4 30-35 — 12.40 5-4 
4.5 8.7 2.7. 25-30 48.8 8.7 12.68 
5.0 8.7 B27 25-30 48.8 S47 12.73 
5-5 8.7 D257 25-30 48.83 8.7 12.70 
6.0 8.7 ited 25-30 48.6 8.67 Eo72 
6.5 12.4 5-4 30-35 — E2n2 5.0 
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In a recent communication2, LANGMYHR AND HoncsLo suggested that the pH 
could profitably be narrowed from 3. 5-6.5 to 4.5-5.0; this latter pH range is sa 
give better results for separation while the former may cause precipitation of hydroj 
oxide and needs a longer coagulation period. We have now checked that the pH ran 
as suggested by MAJUMDAR AND MUKHERJEE, gives quite good results within t 
specified coagulation period ; moreover, there is no possibility of the precipitation ¢ 
hydrous oxide, even when the niobium or the tantalum solution is made ammoniaca 
The results shown in Table I confirm these observations. 


Department of Inorganic and Analytical Chemistry A. K. MAjJuMDA 
Jadavpur University, Calcutta (India) BryoLt K. Pat 


1 A. K. Mayumpar AnD A. K. MUKHERJEE, Anal. Chim. Acta, 19 (1958) 23; 21 (1959) 245. 
2 F. J. Lancmyur anp T. Honesto, Anal. Chim. Acta, 22 (1960) 301. 
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Voltammetric determination of antioxidants at the wax-impregnate 
graphite electrode 


The wax-impregnated graphite electrode is well-known in the analysis of @ 


oxidants!~4. A real improvement was suggested by MorrIs AND SCHEMPF?, who made 
verv reproducible electrode surfaces on a manual lathe. 


S| oo 


HA a) 
20 
b)/c) 

10 \ extra insulating 
layer of ceresine 
or castor wax 

= ~ =p y 
04 fo) +04 +08 CN Oe 


potential of RGE in V ys. SE 


Fig. 1. Anodicffoxidation of 2,6-di-tert.-butyl- Fig. 2. Voltammetric cell. RGE, SE — see ] 
p-cresol at the RGE in (a) basic solution, (b) end to Fig. 1. 
weakly acidic solution, and (c) acidic solution, 
See text for compositions. RGE = Rotating 
wax-lmpregnated graphite electrode; SE = Sil- 
ver-—silver chloride electrode. 
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As far as we know, investigation of the influence of the px on the mechanism of 
dation at the electrode has been limited to the lower px values. A possible ex- 
anation for this may be that the anodic potential range is much smaller in basic 
an in acidic or neutral supporting solutions. However, the oxidation potentials of 
1ti-oxidants of both the phenolic and the amino type are shifted in the same sense 
é. more negative at higher pH-values), since hydrogen ions are always involved in 
le anodic oxidation process. Therefore, in most cases a supporting electrolyte of 
gher pH can be used and recommended, especially for anti-oxidants of the phenolic 
‘pe because the reaction becomes more reversible, with the result that the wave form 
considerably improved (see Fig. 1). 

Rotation of the electrode at a speed of ca. 500 rev./min affects both the reproduci- 
lity and the sensitivity favourably (see Fig. 2 for instrumental details). Under these 
mditions the wave form equals the normal polarographic form, whilst concentrations 
ywn to 5:10-? M can be detected. 


_ EXPERIMENTAL 

ymposition of the supporting electrolyte 

(a) Place 5 ml of 5-:10-4 M 2,6-di-tert.-butyl-p-cresol in methanol, 3 ml of lithium 
\loride (5 g per 100 ml methanol) and 5 ml of 0.4 M potassium hydroxide in methanol 
a 25-ml volumetric flask. Fill up with methanol. 

(0) and (c) Prepare the solution as described in (a) with the exception of the 
yptassium hydroxide. Replace the latter by 5 ml of 0.1 M boric acid in methanol (d) 
+ by 0.5 ml of o.1 M hydrochloric acid in methanol (c). The water content of the 
ethanol should be as low as possible. 


ummary of the analytical procedure 

Rate of polarization: 0.8 to 0.9 mV per sec. Temperature: 25.0°. Polish the electrodes 
sfore each determination with a fine grade of sand paper. Precondition the RGE 
r2min at +0.9 V vs. SE((weak)-acidic supporting electrolyte), or at +-0.5 V vs. SE 
asic supporting electrolyte). Removal of oxygen is not essential. Electrolyse the 
lution to more positive values. 


mtral Laboratory of the Netherlands State Mines, E. BARENDRECHT 
leen (The Netherlands) 


V. F. Gavtor, A. L. ConraD AND J. H. LANDERL, Anal. Chem., 29 (1957) 224, 228. 
“ J. Ervine anp A. F. Krivis, Anal. Chem., 30 (1958) 1645. 
_ A. Nasu, D. M. SkavEN AND W. C. Purpy, J. Am. Pharm. Assoc., Sci. Ed., 47, No. 6, June 
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Revue de livre 


Electrochimie Théorique par EUGENE ET GENEVIEVE Darmots, Masson & Cie., Paris) 
1960, ii + 240 pp., 123 Figs., cartonné toile demi-souple, 39NF. 


Bien que sous forme relativement succinte, ce livre est indiscutablement destiné ¢ a i 
succes. I] contient |’étude de tous les phénomenes dans lesquels la présence ou Ie 
transport de charges électriques sont associés a la matiére, quel que soit son 
solide, liquide ou gazeux, qu'elle se présente sous une forme simple, telle qu 1 
solutions ou les sels fondus, ou sous une forme plus complexe, telle que les électrolyt 
colloidaux. 

Les auteurs, loin de se contenter d’exposer tout simplement les données de la bib i 
graphie, procédent 4 un examen critique et éclairé des diverses théories en se basai 
sur un grand nombre de travaux, tout 4 fait remarquables dailleurs, effectués dai 
leurs laboratoires. 

Nous ne pouvons donner ici que les grandes divisions de Vouvrage: Histori 
Conductibilité des électrolytes, sa mesure; Conductibilité équivalente; Mobilité 
ions, nombres de transport; Mobilité des ions et viscosité; Force électromotri 
piles, coefficient d’activité des électrolytes ; Anomalies des électrolytes forts, disso¢i 
tion; La théorie de l’interaction ionique et ses perfectionnements ; Propriétés irréve 
sibles des électrolytes; Propriétés optiques des solutions électrolytiques, degré 
dissociation des électrolytes d’aprés les méthodes optiques; Propriétés des électrolyt 
fondus; Retour sur les F.E.M. des piles, électrodes du premier genre, potenti 
normaux; Electrodes du deuxiéme et troisitme genres, applications diverses; Pi 
avec et sans diffusion, diffusion des électrolytes; Etude de la concentration en i 
hydrogéne; Electrolytes colloidaux et applications; Electrolytes solides semicondt 
teurs ; Polarisation des électrodes, mesure de la F.E.M. de polarisation, polarograph 
Surtension d’activation, dégagement des gaz et dépot des métaux; Anodes solubl 
passivité; Double couche au contact d’un métal et d’un électrolyte, électrocapillarit 
Phénoménes électrocinétiques, électroosmose, électrophorése, applications; Elect 
chimie des gaz; Applications analytiques de |’électrochimie ; Galvanoplastie et dépé 
métalliques; Technique des différents dépéts galvaniques. 

Pour terminer, nous nous faisons un plaisir de signaler que |’ Electrochimie Théorig 
d’EuGENE et de GENEVIEVE Darmols est un livre qui, grace a son caractére vivat 
incite a la reflexion et que, par cela méme, il pourra donner des nouvelles idé 
fécondes aux chercheurs dans cette branche, auxquels EUGENE DARMOIS ne pe 
hélas! plus se joindre. Qu’il nous soit permis de rendre un hommage ému a la mémo 
du grand chercheur que fut ce savant. 

Une recommandation du livre serait superflue, car ceux qui l’ont déja étudié 
pourraient que trés difficilement s “empécher de s’exprimer en faveur d’une oeu\ 
aussi remarquable. 


I, KapETANIDIS (Genel 
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USES 


jrinder is used to obtain quick solvent 
tion of oleaginous seeds. 

been successfully used to grind the 
ying products: 

lorns,. Straw, Sisal, Corn, Bird-seed, 
hize leaves, Tobacco, Maize, Hay, 
ied lucern, Green leaves, Paper, Dried 
hves, Seeds. 

ke, Gas carbon, Copper and coal frits, 
sic slag. 

stics, Polystyrenes, Phenoplasts, Poly- 
jthylmetacrylates, Casein formol resins. 
lment and clinker, Sand, Earth and rock, 
bbles, Ores. 


tponemes, Vitamin B 6, Lactic ferment. 


27ROLABO 


A GRINDER 


for 
the analyst 


The Dangoumau Grinder grinds the most 
varied products very finely at exception- 
ally high speed. 


The material to be ground is placed ina 
closed recipient and the whole sample 
(from 1 to 50 g) is recovered after com- 


pletion. 


The grinder works on a new principle: 
the material to be treated is submitted to 
violent and repeated shocks in quick 


succession. 


Simultaneous grinding in two 65 ml pots 


A 65 ml pot with cooling 
circulation 


<= 150 ml grinding pot 
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A complete set 


for ALL TYPES OF 


SEPARATION 


Cromatography vats 
Paper Electrophoresis 
Agar-Agar Electrophoresis 


Starch Electrophoresis 


~Fraction collectors 


Vacuum evaporator 
Solvents evaporator 
Merck special reagents 
Chromatography centrifuge 


Chromatography oven 
with constant temperature 


Special papers 


Atomisers 


Drying oven tor chromatograms 
Continuous separation electrophoresis 


Craig’s counter-current apparatus 


JOUAN : CHROMATOGRAPHY- ELECTROPHORESIS DEPT. 


113 Bd Saint-Germain, PARIS 6° 


Distributors in all countries of the world ) 
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GALVANOMETERS 


A critically-damped galvanometer provides maximum convenience in use. Under ideal conditions 
the light spot is deflected to its reading position positively and allows accurate readings to be 
taken at a glance. To achieve these conditions a galvanometer should be selected so that its 
critical damping resistance matches as closely as possible the external circuit resistance, avoiding 
the necessity of shunting or padding the external circuit with a series ‘resistor to attain critical 
damping. In this way maximum available power reaches the coil, ensuring maximum sensitivity. 
Twelve models of the “Scalamp” Galvanometer are available as listed below and these provide 
a choice for a wide range of external circuit conditions. 


Terminal Critical 
resistance damping Typical 
Resistance with shunt resistance sensitivity 

Model (ohms) (ohms) (ohms) (mm /uA) (mm /V) (uA/mm) 
7890/S 23 23 10 12 0.52 0.083(Direct) 
7891/S 25 20 100 20 1.0 0.05 
7892/S 90 90 1000 65 0.72 0.015 
7893 /S 900 900 10000 210 0.23 0.0048 


Sensitivity switch for the above gives: Direct, x 1, x 0.1, x 0.01, and Shorted positions, except for Cat. No. 
7890/S which has Direct, x 0.1, x 0.01, x0.001, and Shorted positions. Cat, No. 7890,S fitted with special manual 
clamp. Sensitivity figures are for x1 range except for 7890/S which is for Direct setting of shunt switch. 


Terminal Critical 
resistance damping Typical 
Resistance with shunt resistance sensitivity 

Model (ohms) (ohms} (ohms) (mm /wA) (mm /V) (uA/mm) 
7901/S 24 21.7 230 16 0.074 0.062 
7902/S 110 102 1450 40 0.39 0.025 
7903 /S 420 396 7500 90 0.23 0.011 
7904 /S 1400 1320 25000 180 0.14 0.0056 


Sensitivity switch for the above gives: Direct, x1, x 0:05, x 0.01, x 0.001 and Shorted positions. 
The sensitivity figures given are in respect of the x1 setting of the shunt switch, 


Terminal Critical 
: resistance damping Typical 
Resistance with shunt resistance sensitivity 

Model (ohms) (ohms) (ohms) (mm /A) (mm /uV) (uA/mm) 
7901 /T 24 21.7 230 32 1.47 0.031 
7902/T 110 102 1450 80 0.78 0.012 
7903 /T 420 396 7500 180 0.45 0.0056 
7904 /T 1400 1320 25000 360 0.27 0.0028 


Sensitivity switch for the above gives: Direct, x1, x 0.05, x0.01, x 0.001 and Shorted positions, 
The sensitivity figures given are in respect of the x1 setting of the shunt switch. 
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